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SURVEY REPORT 
ON 

EDWARDS UNDERGROUND RESERVOIR 
GUADALUPE, SAN ANTONIO AND NUECES RIVERS 

AND TRIBUTARIES, TEXAS 

APPENDIX I 

PROJECT FORMULATION 

INTRODUCTION 

1. PURPOSE. - The plan of improvement was formulated w1 th a 
view to the following objectives: to provide flood protection, where 
economically feasible, to portions of the rural and urban areas of 
the Guadalupe, San Antonio, and Nueces River Basins by construction 
of reservoirs upstream from the Balcones fault zone in the Edwards 
Plateau; to provide, as part of the plan, an effective means of 
additional recharge of the Edwards Underground Reservoir; to develop, 
to the extent feasible, the water resources of the area in an attempt 
to meet the projected fUture water supply requirements; and to provide 
for the fUture development of the fish and wildlife and general 
recreation potentials which would be afforded by proposed reservoirs. 

2. SCOPEo- This appendix presents the methods used in 
formulating the plan of improvement to meet the above objectives. 
It presents a summary of the preliminary investisations, the selec
tion of the plan of improvement, economic evaluation of the proposed 
plan, allocation of costs to project purposes and apportionment of 
costs to Federal and non-Federal interests. 

3· RELATIONSHIP TO OTHER APPENDIXES.- Most of the physical 
information and data presented in this ·appendix consists of 
summations and integration of data and information taken from other 
appendixes of this report. The information contained herein concern
ing the supplies of water available, the frequency and magnitude of 
floods in the area, hydrologic objectives relative to reservoir 
storages, operation requirements for various reservoir project 
purposes, and the basic design data of tentative plans considered 
in these studies is based on detailed hydrologic and hydraulic data 
presented in appendix II. FUture water requirements and benefits 
used herein are based on information contained in a report prepared 
by the Public Health Service of the Department of Health, Education 
and Welfare, which is inclu~d as an attachment to this appendix. 
Geologic conditions in the Edwards Underground Reservoir area and 
reservoir geology discussed in connection with investigated projects 
is presented in detail in Appendix III, Geology. Information used 
herein on the extent of flooding, flood damages and flood control 
benefits accruing to the inve~tisated projects was obtained from data 



contained in Appendix IV, Flood Control Economics. Economic projec~· 
tiona and analysis utilized to develop future needs and benefits for 
flood control and water conservation are described in detail in 
Appendix V, Economic Base study. The demand for recreation and fish 
and wildlife opportunities and the benefits therefor were summarized 
from information presented in Appendix VI, Recreation and Fish and 
Wildlife. 

4. EXISTING PROJECTS.- At present, Canyon Reservoir is the 
onJ..y Corps at Engineers reservoir in operation in the study area and 
it is located at river mile 303 .o on the Guadalupe River, about 
12 miles northwest of New Braunfels • It was constructed for flood 
control, water supply, and recreational purposes • Construction of 
Canyon Reservoir began in April 1958 and deliberate impoundment began 
on June 16, 1964. Blieders Creek Reservoir, a flood control only 
project to be located at river mile 5.8 on Blieders Creek, 1.5 miles 
north of New Braunfels, is in· the advance planning stage. Blieders 
Creek Reservoir, when constructed, will control the runoff from a 
14.8 square mile area and provide flood protection to the city of New 
Braunfels. The Corps of Engineers also has under construction a 

·channel improvement project in the city of San Antonio which includes 
the clearing, widening, deepening, and straightening of approximately 
31 miles of river and creek channels and construction of certain 

· related structures • This project was begun in November 1957 and, when 
completed, will control the runoff from approximately 114 square 
miles at drainage area in and adjacent to the city of San Antonio. 
Pertinent data for the Canyon and Blieders Creek Reservoir projects 
and the San Antonio Channel Improvement project are presented in 
tables 1 and 2. In addition to the above projects, Gonzales Reservoir, 
on the San Marcos River near Gonzales, was authorized for construction 
as a flood-control and water supply project by the Corps of Engineers 
under the Flood Control Act of 1954; however, due to lack of assur
ances of local cooperation, no funds have been appropriated to 
initiate advance planning and the project was not considered in 
studies for this report. 

5. The Soil Conservation Service of the U. S. Department of 
Agriculture has formulated ''work plans" for the Martinez, York, and 
Salado Creeks watersheds within the Edwards Reservoir area. The 
plans provide for construction of 38 watershed protection and flood
water retarding structures to provide control over a drainage area 
of about 218 square miles • The structures will contain a total of 
about 63,767 acre-feet of detention storage. 

6. On July 1, 1964, the Soil Conservation Service had in 
operation 18 structures in·two of the watersheds in the study area. 
or these structures, 5 are located in the watershed of Martinez 
Creek, a tributary of Cibolo Creek in Bexar County, and 13 are in the 
watershed of York Creek, a tributary of the San Marcos River. Perti
nent data on the projects which have been constructed and on those 

I-2 



TABLE 1 

PERTINENT DATA - EXISTING AND AUTHORIZED 
CORPS OF ENGINEERS RESERVOIRS 

RESERVOm 
Canyon Blieders Creek 

Stream Guadalupe Blieders Creek 

River mile 303.0 s.8 

Contributing Drainage Area 
(square miles) 1,425 14.8 

Net Storage - acre feet 
Sediment Reserve 

Conservation Pool 19,8o0 
Flood Control Pool 8,300 4oo 

Conservation 366,4oo 
Flood Control 346,4oo 7,312 

Total Controlled Storage 
(acre-feet) 74o,900 7,712 

Yield (acre-feet per year) 96,400 

Pertinent Elevations - ft. msl 
Tbp Conservation Pool 909.0 
Top Flood Control Pool 943.0 750.5 
Design Water Surface 969.1 763.1 
Top of Dam 974.0 768.0 

Dam 
Type Earth Fill Earth Fill 
Length 4,410 ft. 3,130 ft. 

(Main Emb.) 
Maximum height 224 :rt. 84 ft. 
Top width 20 ft. 20 ft. 

I-::S 



TABLE 2 
PERTINENT DATA - EXISTING LOCAL IMPROVEMENT (FI.OODWAY) 

PROJECTS BY. CORPS OF ENGINEERS 

:Drainage :River . Drainage area at head of :area at :mile :Improved . 
Project Local Stream ~reJect ~ s~. mi. :lower limit:limits :channe·l 

Agency :un~ :of project :of :length 
:Controlled: controlled: Total :(sq.mi.) :project: (ft) -

San Antonio San Antonio San 
Channel River Antonio 
Improvement Authority River 32.0 1.6 33.6 113·7 221.8 to 60,600 

237·3 
San Pedro 

Creek o.o 1.0 1.0 44.5 0.0 to 26,100 
H 4.9 I 
V1 Apache 

Creek o.o 17.6 17.6 22.6 0.0 to 18,115 
3·4 

Martinez 
Creek o.o 2.6 2.6 7.1 0.0 to 23,830 

4.5 
Ala zan 

Creek 0.0 3·9 3·9 17-7 0.0 to 22,770 
4.3 

East Fork 
l.fartinez 
Creek o.o 0.5 0.5 1.7 0.0 to 8,300 

1.6 
North Fork 

Martinez 
Creek o.o 0.9 0.9 1.2 0.0 to 3,910 

0.7 



additional projects which are planned for the area are presented in 
table 3· 

7. Development of surface water resources. by local interests in 
the study area has been minimal due largely to the availability ot; 
ground-water resources. In the Guadalupe River :Basin, Comal County 
has constructed one floodwater retarding structure, with a detention 
capacity of 350 acre-feet, on the Comal Creek watershed to increase 
ground-water recharge and to provide flood protection. 

8. Local interests developments on the San Antonio Ri ve:r and 
tributaries consist of Lake Medina and Medina Diversion Reservoir on 
the Medina River, and Olmos Reservoir on Olmos Creek in San Antonio. 
I.e.ke Medina, with a capacity of 254,000 acre-feet, and Medina Diversion 
Reservoir, with a capacity of 51750 acre-feet, were completed in 1913. 
These projects are owned and operated by the Bexar-Medina-Atascosa 
Counties Water Improvement District No. 1 to provide a water supply 
and gravity diversion for irrigation of lands in the District. In 
1926, the city of San Antonio constructed Olmos Reservoir on Olmos 
Creek to provide flood protection for certain urban areas of the 
city. Olmos Reservoir has a storage capacity of about 15,500 acre
feet and controls the runoff from· about 32 square miles of drainage 
area. Upon completion of the San Antonio Channel Improvement project, 
discussed previously, Olmos Reservoir will became an integral part 
of the plan for flood protection of the San Antonio area. Pertinent 
data for the existing reservoir projects in the San Antonio River 
Basin are presented in table 4. 

9. Except for stock ponds and several small recreation lakes, 
there has been no develepment by local interests in the Nueces 
River Basin upstream of the :Balcones fault zone for surface water 
supply or flood control; however, several structures have been 
built in Uvalde County near Uvalde to improve the natural facili~ 
ties for ground-water recharge. The first such project, a grating 
over a cave in the Ieona River bed two m:i.les north of Uvalde, was 
constructed by the city of Uvalde in 1940. The injection system of 
artificial recharge, whereby waters are introduced into an aquifer 
by means of wells, caves, crevices, and other openings, has been 
used in Uvalde County since the early 1950's. Several structures 
have also been constructed to divert flood waters and runoff into 
natural openings or drilled wells in dry stream beds • These 
structures generally consist of low concrete dams or dikes located 
a short distance downstream from protected openings into the bed
rock. Recharge structures of this type have been constructed on 
Indian Creek, Ieona River, Dry Frio River, and the Sabinal River 
north and northeast of Uvalde. Sink holes west and southeast of 
Uvalde have been developed for recharge by inserting perforated 
concrete pipes 20 to 25 feet into the sinks and covering the 



I 

openings vith trash racks. Most of these structures are still in 
existence and provide sane recharge to the underground reservoir 
by reducing the velocity of vater .across the land surface and 
enabling the vater to be . introduced to the underground strata at 
higher rates. 
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TABIE3 

SUMMARY OF PERTINENT DATA FOR EXISTING AND PROPOSED 
SOIL CONSERVATION SERVICE RESERVOIRS 

. Number . Total Proposed Structures . . 
of . Drainage: . 

:structures: area . . 
:comfleted : controlled: 

Watershed : 1) Number . . 

Martinez Creek 5 6 

Salado Creek 0 16 

York Creek 13 16 

(1) Completed as of July 11 1964. 

(2) Includes completed structures. 

I-9 

(sq.mi.) 

29 

118 

71 

Sediment : 
storage : 
(ac.ft.): 

2,478 

5,263 

4,950 

~2J 

Detention 
storage 
(ac.ft.) 

6,511 

42,005 

15,251 

R 4-1-6.) 



H 
I 

1-' 
1-' 

Project: Ownership 

Medina Bexar-
Lake Medina-

Atascosa 
Counties 
w.I.n. 
No. 1 

Medina Bexar-
Lake Medina-
Diversion Atascosa 
Reservoir Counties 

w.I.D. 
No·. 1 

Olmos City of' 
Dam San 

Antonio 

TABLE 4 

PERTINENT DATA - EXISTING NON-FEDERAL RESERVOIRS 
WITH CAPACITIES GREATER THAN 5,000 ACRE-FEET 

: Contribu-: Elevation 
ting at maximum 

Location :drainage Total controlled Year 
River . area :storage : storage con-. 

Stream: mile :(sq.mi.) :(ac.f't.): (ft. msl} structed 

Medina 70.4 633 254,000 1064.5 1913 
River 

Medina 66.4 5,750 919.0 1913 
River 

Olmos 0.8 32 15,500 728.0 1926 
Creek 

(1) Olmos Dam constructed for flood control only. 

Dependable 
yield 
( cf's) 

0 

0 

(1) 
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WMD RmOURCE PROBLEMS 

10 • GENERAL·- There are now 17 cities and communi ties which are 
dependent upon the Edwards UndergroUnd Reservoir as the.source of 
their municipal water supplies. .Among them are Uvalde, Sabinal, Hondo, 
San Antonio, New Braunfels, San Marcos, and Kyle. San Antonio, the 
state's third largest city, o\reriies a portion of the Edwards Under
ground Reservoir, and is the largest city in the United States which 
obtains its entire water supply from underground sources • Approxi
mately 850,000 people (of which about 700,000 reside in Bexar County) 
depend on the reservoir as their only source of water supply. Among 
those are the personnel of five large military installations. The six 
counties which overlie the artesian reservoir, Kinney, Uvalde, Medina, 
Bexar, Comal., and Hays, pumped from the underground reservoir approxi
mately 239·3 million gallons per day (268,2oo acre-feet) from some 
4,000 wells in 1962. The record amount of pumping occurred 1n 1956 
at the height of the most recent drought period (1947-1956) and totaled 
about 282.9 mgd ( 317,100 acre-feet) • 

11. The total springf'low in 1962 from major springs along the 
southern edge of the Balcones esc~nt was about 286.6 mgd (321,300 
acre-feet) • This total springf'low consisted of discharges from leona 
Springs at Uvalde, San Antonio and San Pedro Springs at San Antonio, 
Comal Springs at New Braunfels, and San Marcos Springs at San Marcos. 
The total discharge from the aquifer in 1962 from both wells and 
springs is graphically shown on figure 1. 

12. The average annual recharge to the artesian aquifer has 
been computed to be slightly in excess of 5001000 acre·feet per-year 
for the entire period of record and about 4231200 acre-feet per year 
for the period '1935-56. This period represents a complete cycle from 
a period of high runOU through a period of critical drought. The · 
minimum annual recharge recorded was 44,000 acre-feet 1n 1956 at the 
end of the most recent· drought period and the ~imum annual recharge 
recorded was 1, 7111000 acre-feet in 1958. The discharge from the 
aquifer during 1962 more than doubled the recharge for that year. 
Figure 2 graphically illustrates the recharge-discharge relationship 
of the aquifer between the years l934 and 1962. 

13. The above information indicates that the discharge of 
589,500 acre-feet from the aquifer in 1962 exceeded the average annual 
recharge for the entire period of record by about 90,000 acre-feet per 
year. Subsequent compilations of information indicates that the 
reservoir has continued on a depletion schedule since 1962 and storage 
in the aquifer has been reduced in order to meet the current demands • 

14. Along the southern edge of the underground reservoir lies a 
zone of bad water that is charged with hydrogen sulfide. This water 
contains dissolved solids with concentration in excess of 1000 parts 
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p~.r mi.i.lion.. Further south of the bad water l~ne the dissolved solid 
~jn~~n~ration is as high as 5000 ppm with ·a chloride concentration as 
grea~ as 2000 ppm. Since there is rather a fine line along the sout.hern 
bo•Jrdaries of the artee.ian .reservoir bet;-.Jeen the zones of good and bad . 
wato;>·r, there remains a constant thre.at that the bad water will .encroach 
or, tho:· important well fiel.ds in the San .Antonio ar~a shoUld .. the 
re-::rvoir level be drawn lower:- than the recorded low elevation ·or .· 
6i2 fE-e"t msl or a depth greater than 110 feet (Bever-ly L:>dges well) 
a~ Sa!l Antonio. It is fe:are.i ~hat pressure differentials caused by 
'3L4Stained heavy pumping would caus<:! the water gradient to reverse:, · 
th-:::reby causing the bad water to mow northward into .the. well fields· 

15. Hydrologic studi~s made in connection with this report 
conclude that sustained pumping of 234 ,ooo a~re··feet :Per year from 
a.r>:!aS to the west of Comal Cowwty will draw the reservoir down to the 
hLrturic low elevation of 612 feet msl at San Antonio during a 
r . .;(~urrence of the 1947-1956 drought. period under present conditions 
0f watershed development. Records shm1 that this safe pumping quantity 
ha~ 'b:-~n exceeded each yeo:r 3ince 1962. Figure 3 illustrates the 
~ffc·:!ts of s~veral susta1n~d pumping rates on ~he Edwards Underground 
REs2rvoi r under existing cond:i"ti(mS of recharge. 

16. Proje~tions of the Public Health Service indicate that by · 
tn~ year 2025 the vater demands of the entire Edwards Reservoir area 
IH~L be 1117.8 mgd (1,253,000 acre-feet per year) and by the year 2075 
':nt"y will be 1.752.5 mgd (L964,000 acre-feet per year). Of this total 
,~mand., 82 percent ~s ex]?C:!cted to originate in the San Antonio area. 
Mum :;1pai and rural. demands alone in the San Antonio area are 
expected to reach 479.3 mgd (537 ,000 acre·-feet per year) by the year 
2025 o The recorded water uses and projected demands are shmm in 
t abi::: 5 and the' estimated demands and resources are graphically 
i . .J.h.tstrated on figures 4 and. 5. · 

17. Based on the projections of increased water use in the area,. 
it is apparent that the future wa~e:r requirements cannot be satis
fi,:;d by "the Edwards Underground R~servoir as now constituted. The 
or.1y .:xisting supplemen"tai. surfac~·-water supply in the area is Canyon 
Reservoir project on the Guadalupe River recently compl~ted by the 
Co:rps of Enginee£s. This project wiLl provide the area with a , 
.:l~p.:nctable yield of 86 mgd (96 .• 400 acre-feet per year). Medina 
Rc=so:rvoir on th~ Medina River. currently fu~ishes water for irrigation 
in the vicinity of the reservoir; howe\rer; leakage from th~ reservoir 
~~d the downstream Itlversion Res~rvoir makes the project virtually 
1 ot::ff~cti ve during periods of moderate to severe droUght. In the 
absence of sources of water supply other than those discussed above, 
1 t i.s evident .that the quantity of water pumped from the Edwards 
Una.erground Reservoir will continue to increase. It is also clearly 
1ndicated that the increased pumping rate will result in a severe 
n:::du~tion in the springflows and the levels in the wells will be 
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Item 

Municipal and Rural 
Industrial and Power 
Irrigation 

Total 

TABU: 5 

WA!rER ~UIREMENTS 

t Nueces : San Antonio 
: River . River .. 
: Basin· .13as1n 

Guadalupe 
River . Basin . 

Year 1962 Water Use 1n MGD (1) 

6.1 139·7 6.6 
1.6 19.8 0.5 
~2·J 
3·0 

2~.4 
18 .9 

o.~ 
1· 

Year 2022 Water Requirements in MGD ( 2) 

Municipal and :Rural. 19.9 479·3 46.0 
Industrial and Power 8.7 .135·7 15.3 
Irrigation 58.5 60.6 43.8 
Quality Control 2:20.0 

Total 87.1 925.6 105.1 

Year 2072 Water Requirements in MGD { 2) 

Municipal and Raral 29·3 819·9 72.9 
Industrial and Power 13·7 217·9 30.0 
Irrigation 58·5 60.6 43·7 
Quality Control 4o6.o 

Total 101.5 1,504.4 146.6 

Total 

152.4 
21.9 
62.0 

239·3 

545.2 
159·7 
162.9 
220.0 

1,n7.8 

922.1 
261.6 
162.8 
406.0 

1,752.5 

(1) Determined by the Geological Survey; use from the aquifer. 
(2) Determined by the Public Health Service; demands of the 

14 counties comprising the Edwards Reservoir area. 
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lowered. Because of this expected continued depletion of the under
ground reservoir, the area is confronted with dwindling water supplies 
and the problem of providing additional resources to meet the 
expected increase in water demand occasioned by impro·ved living 
standards, increased population, irrigation of additi.onal lands, and 
industrial growth. 

18. MUNICIPAL AND RURAL ~UIREMENTS.- In 1962 the water 
demand on the underground reservoir for municipal and rural purposes 
was 152.4 million gallons per day (171,000 acre-feet per year). 
Based on the expected increase in population in the area and the 
resulting increased water demands, it is estimated that the 2025 
requirement for municipal and rural purposes will be 545 .2 mgd 
( 6u,ooo acre-feet per year) and that these requirements will be 
922.1 mgd (1,034,000 acre-feet per year) by 2075· Approximately 90 
percent of the 1962 use from the aquifer for municipal and rural 
purposes and 90 percent of the future requirements for these purposes 
in the Edwards Reservoir area are for Bexar County. These ir1clude the 
demands of the city of San Antonio and the military reservations in 
the vicinity. Sufficient resources as described in the previous 
paragraph are available on a dependable basis to satisfy the expected 
future municipal and rural requirements to about the year 1993 o 

19. INDUSTRIAL AND THERMAL POWER REQUIREMENTS ft ~· An important 
ingredient in tne economic expansion and growth of an area, and the 
corresponding economic well··:being of the population_? i.s the presence 
of industry. At present, the major industrial growth being experienced 
in the Edwards area is centered in and near the city of San Antonio. 
In 1962 the water used for industrial and thermal power generation 
purposes in the Edwards area totaled 21.9 million gallons per day 
(25.:~000 acre-feet), of which 19.8 mgd (22,000 ac:re·~feet) were used in 
the San Antonio area. .Based on economic and populat:i.on projections 
the water requirements of the Edwards area for industrial and thermal 
power purposes are expected to reach 159·7 mgd (179,000 acre .. feet 
per year) by the year 2025 and continue to increase and reach 261.6 
mgd ( 293,000 acre -feet per year) . by the year 2o75. Under present 
conditions of development in the Ed'\ilards area availAble resources 
amount to 294.8 mgd (330,000 acrea·feet per year), which wou1.d be 
sufficient to satisfy the combined munici.pal, rural) industrial, and 

· th~mnal power demands until about the year 1983. 

20. IRRIGATION.- Within the Edwards Reservoir area there 
are approximately 290,000 acres of land suitable for s·l.l.Stained 
permanent-type irrigation. In 1962 some 45~0oq acre-feet (40 mgd) of 
surface water was used to irrigate about 25,000 acres. In this same 
year about 73,000 acre-feet (65 mgd) of ground water from the artesian 
aquifer was used to irrigate some · 33,000 acres o Prior studies by 
others indicate that the lack of adequate water resources in the semi
arid regions in the western portions of the area~ the lowered water 
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levels in the aquifer, and higher priority demands for the available 
water will preclude the full development of the potential irrigated 
areas • Therefore, the water demand for irrigation is expected to rise 
to about 162.9 mgd (183,000 acre-feet per year) by the year 2025 and 
then remain relatively constant. Medina Reservoir on the Medina River 
currently furnishes water from a conservation storage space of 
254,000 acre-feet to irrigate up to 351 000 acres. However, leakage 
from the main reservoir and the Diversion Reservoir downstream makes 
the project virtually ineffective during periods of moderate to severe 
drought. The Nueces River Master Plan Study, published by the Nueces 
River Conservation and Reclamation District in March 1958, proposed 
construction of Tam Nunn Hill Reservoir which would include storage 
for water supply purposes • The proposed reservoir would contain 
50,000 acre-feet of conservation storage and would have a dependable 
·yield, during a recurrence of the most severe drought period of record, 
of about 4.0 mgd (4,300 ac~-feet per year). With the inclusion of 
the yield of Tom Nunn Hill Reservoir, sufficient resources are avail
able in the Edwards area to ~atisfy the projected municipal, rural, 
industrial, thermal power and irrigation requirements until about the 
year 1972. 

21. WATER QUALITY CONTROL Im.lUIREMENTS.- In any large or growing 
metropolitan area, disposal of municipal and industrial waste is a 
prime problem. Even with the best available means of treatment and 
disposal·of wastes, pollution of the streams below the outfall of 
the sewage disposal plants will result. The Public Health Service 
has determined that water needs for quality control along the San 
Antonio River downstream from the city to eliminate this health 
hazard will approach 250.0 mgd (28o,ooo acre-feet per year) by the 
year 2025 and 406.0 mgd (455,000 acre-feet per year) by the year 
2075· 

22. FLOOD PROBLEMS.- The streams of the Edwards Plateau flow 
in narrow valleys and canyons through rugged hill country. The 
steep gradient of the streams concentrates storm waters rapidly, 
resulting in floods of high peak discharges but of short durations. 
These flood peaks di~nish quickly as they pass the Balcones escarp
ment into the wider valleys of the coastal plains • Floods originat
ing below the fault zone normally have lower peak discharges and 
longer durations. A brief· discussion of the flood problems existing 
in the study area is presented in the following paragraphs • Only 
those portions of the ~hree river basins that would be atfected by 
flood-control projects constructed upstream from the Edwards 
Underground Reservoir for flood-control purposes are considered to 
.be within the scope of this report. · 

a. Guadalupe River Basin.~ The major flood problem areas 
i.n the Guadalupe River Basin lie along the Blanco ·River, the San 
Marcos R1 ver and the Guadalupe River downstream from the mouth of 
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("i, the San Marcos River. Flood damages to agricultural, urban, oilfield, 
utility and transportation facilities in this portion of the 
Guadalupe River Basin total approximtely $l,o80,000 annually at 
present j however, with the projected increase in population and 
industrial expansion in the lower basin without additional flood 
control improvements, the average annual damages are expected to 
double in the next 50 years • In the Edwards Reservoir area local 
flood problems exist in the cities of San Marcos and New Br.aunfels. 
Floodwaters originating on tributary areas of the San Marcos River 
in and upstream from San Marcos and backwater from floods .on the 
Blanco River cause average annual damages to the city estimated at 
$104,300. The authorized Blieders · Creek Reservoir l-Till partially 
alleviate the serious flood problem in the city of New Braunfels 
and Canyon Reservoir would substantially reduce flood damages along 
the main stem of the Guadalupe River downstream from the project • 

(1) For the purpose of analysis of the remaining 
flood problems which exist in the Guadalupe River Basin, the Canyon, 
Blieders Creek, and Cuero flood control projects were considered as 
existing and in operation. The Cuero Reservoir (stage II) on the 
Guadalupe River and Bandies Creek is a flood control and water 
conservation project recommended for construction in reports by the 
Texas Water Commission, the Guadalupe-Blanco River Authority, the 
U. S. Study Commission - Texas, and the Bureau of Reclamation. 

(2) Estimates were made of the annual flood damages along 
a reach of the Guadalupe River, within the Edwards Reservoir area, from 
the vicinity of the community of Comfort to the headwaters of Canyon 
Reservoir. These annual damages were computed to be approximately 
$16,500. 

b • San Antonio River Basin.- The more severe flood 
damages in the San Antonio River Basin have been largely concen
trated in the metropolitan area of the city of San Antonio. The 
San Antonio River and its tributaries within the city have spilled 
floodwaters over their banks into the low-lying areas of the city on 
numerous occasions. Other flood damages within the basin occur to 
agricultural lands, transportation facilities and utilities along the 
lower reaches of the main stem and principal tributaries. Completion 
of the San Antonio Channel Improvement project in the city of San 
Antonio will virtually eliminate flood damages within the city o The 
new stream channels through the city will have capacities to carry 
floodflows greater than any of record. For the purpose of analysis 
of the remaining flood problems which exist in the San Antonio River 
Basin, the San Antonio Channel Improvement project was considered as 
completed and in operation. No projects for flood control were 
recommended for the Edwards Reservoir area in the U. S. Study Commis
sion - Texas report, and investigations made for this report 
indicated that, upon completion of the San Antonio Floodway project~ 
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the remaining damages in the Edwards area would be insufficient to 
justify additional flood · cont.rol projects . · The remaining flood 
problem areas in this basin are not within the scope of this 
report. 

c. Nueces River Basin.- The· greatest flood damages in 
the Nueces River Basin are experienced in areas al.ong the main stem 
of the Nueces River downstream from the Balcones fault zone· in the 
''winter garden" area near the 'cormnunit.ies of Crystal City, Carrizo 
Springs, and Cotulla. · Heai,y losses are· experienced in this area 
during severe flo.ods frOm destruction of crops and irrigation 
facilities, and from land .erosion and weed infestation. Some urban 
damages are experienced in the ~ommunities of Crystal City, Cotulla, 
and Three R1 vers . The flood of record on the NUeces R1 ver at 
Uvalde in June 1935 had a peak discharge of 616,000 second-feet 
and caused damages along the_ river estimated to be in excess of 
$10 million. The average annual damages to property along the 
Nueces River are estimated at $716,100 under present conditions 
of development. Fl~od damages are also experienced in and near the 
town of D'Hanis where floodwaters fram Seco and Parker Creeks cause 
extensive damages to agricultural and urban areas • Along the West · 
Nueces, Dry Frio, Frio, and Sabinal Rivers and other streams in· the 
Edwards Plateau country the principal flood damages are sustained 
from loss of livestock and extensive ranch fencing. 

·23. RECREATION.- Th_e demands for outdoor recreation have 
greatly accelerated in recent years and should increase in the 
future. Much of this recreation activity is concerned with the use 
am enjoyment of our water resolirces. Regardless of the measure 
used (the number of visitors to Federal and State recreation areas, 
number of fishing license holders, or number of outboard motors in 
use) it is clear that Ainerican.s are seeking outdoor recreation as 
never before. Many benefits are derived by the general pUblic from 
outdoor recreation: it provides the incentive for healthful exercise 
necessary for individual physical fitness; it promotes health; it 
is valuable for education in the world of nature; and it· satisfies 
simple recreational needs. Water -is a key factor of outdoor 
recreational development and serves as a magnet. · Americans from 
both urban and rural areas show a strong urge for water-oriented 
recreation. · 

24. '!he Edwards Plateau has long been noted for its scenic 
beauty and, if properly developed, cou1d become one of the out
standing recreation areas in the state~ With ·the addition of a 
considerable water stirface in this are~ the recreational petential 
wi.ll be greatly increas.ed ~ The wann climate is ideal for all · 
types of water-oriented :r:ecre~tiori. · 
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25 • FISH AND WILDLIFE.- The hill country or the Edwards 
Plateau abounds in spring-fed :perennial streams and timbered 
lands • The streams usually are clear and provide productive fish 
habitat. The principal fish species are largemouth bass, catfish, 
and sunfish. Wildlife resources are diverse and present large 
populations of white-tailed deer, wild turkeys, mourning doves, 
and fox squirrels. Private groups and conservation agencies have 
succeeded in establishing exotic animal species, such as European 
boar, black buck antelope, axis deer, and auodad and mouf'lon 
sheep. 

26. Fish and wildlife are living natural resources and, 
like other living things, they are initially associated with the 
land and water. A great deal is at stake in the preservation and 
development of our fish and wildlife resources since they are 
vitally important to our economy and way of living. The recrea
tional value of fish and wildlife is of profound significance to 
the well being of people, possibly even more so than the food 
value of this resource. In our way of life, we no longer have to 
hunt and fish for food, but the pleasure and sport of hunting and 
fishing are widely enjoyed. The opportunity to hunt and fish will not 
automatically remain. Fish and wildlife resources must be considered 
in the overall plan of improvement for the Edwards Underground Reservoir 
area. The recommendations of the Fish and Wildlife Service, Bureau of 
Sport Fisheries and Wildlife, will be given every consideration in the 
development of projects in this area. 
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INVESTIGATED PROJECTS 

27.· OBJECTIVES.- The. plan of·improvement was formulated·with a view 
to the following· obJectives:· to.provide flood protection where·econom
cally feasible to portions· of the rural and urban areas of the Guadalupe, 
San Antoni~,· and.Nueces River Basins by construction of projects upstream 
of the Balcones f-ault zone in the Edwards Reservoir area; to provide an 
effective means of increasing the recharge of the Edwards Underground 
Reservoir; to provide·additional water conservation storage to meet the 
projected future water supply requirements and develop to the exten~ 
feasible the resotirces of the Edwards area; and to provide for the develop
ment of the fish-wildlife andgeneralrecreation potentials in proposed 
reservoirs. 

28. PLANNING CONSIDERATIONS.- Plan formulation studies require that 
the elements of any plan meet the following conditions: (a) that they be 
compatible with existing and planned improvements in the three river 
basins; (b) that there is not a more economical means of accomplishing 
the same purpose; (c) that the projects proposed in this report be 
designed to the size, where practicable, that will yield the greatest 
excess benefits·over costs; and (d) that the proposed plan be flexible 
in that · it uiay be constructed in steps or expanded as the needs may 
require:· 

29. RECHARGE INVESTIGATIONS.- During the period 1935-1956 th'e 
average annual recharge to the Edwards Underground Reservoir was 
423,200 acre-feet. · For this same period the average annual discharge 
from the aquifer was 523,700 acre-feet, with 352,400 acre-feet per year 
being discharged through major springs along 'the Balcones fault zone. 
Pumping dur'ing this ·same period averaged only 171,300 acre-feet.: The 
excess discharges depleted storage in the underground reservoir by ·. 
approximately 2,200,000 acre-feet. Consideration of methods to increase 
the dependable yield of the aquifer for pumping involved: (1) control 
of the major springs ·to prevent heavy loss of reservoir storage; and, 
(2) control of the recharge to the underground reservoir by construction 
of surface reservoirs on principal streams in the watershed of the 
aquif~· 

30. To control the major springs·consideration was given to con
struction of ring dikes around the springs to equalize the hydrostatic ·· 
head in the undergroUnd reservoir. Comal Springs, the largest of the 
group, consists of·a ntunber·of springs fssuing from fissures i'n the 
Edwards limestone ·along the base of the Comal·Springs fault. The 
springs extend for.about 500 yards along the escarpment-in a highly~ · 
developed area. Because of the intense faulting in the area tbere 
could be no assurance that construction of a ring dike along the entire 
length of the Comal Springs fault. where the· springs emit would prevent 
the artesian pressure from increasing ·and causing springs to break out 
in a number of other locations. Studies were also made ·or the feasibil'- ... 
i ty of construction of a grout curtain across a narrow portion ·of the · 
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Edwards Underground Reservoir southwest of Comal Springs. The location 
would be in an area northeast of San Antonio where the artesian aquit'er 
narrows to approximately five miles in width. Based on _information 
developed from the exploration boring in. this area, as described in 
appendix III, the top 432 feet of the 482 feet of Edwards and.associated 
l~estones penetrated were highly broken and solutioned, wi~h some , 
large cavities in this portion. To substantially reduce the flow in 
this area would require construction of a grout curtain about 5 miles ~ 
length, 43Q feet in height and to depths below the ground surface as 
great at 700 feet. In addition to the high cost of such a project, 
the hydrostatic head within the aquifer would probably preve_nt s_ucc~s_s-. · 
ful construction of a grout curtain of this nature. A more detailed 
discussion is contained-in Appendix III, Geology. 

31. The base flow of most streams in the Edwards Plateau is 
lost to the underground reservoir where the stre~beds cross the out
crop of the Edwards l~estone in the -Balcones fault zone •. .Additional 
water for recharge, therefore, must come from the floodflows .. which 
cannot be fully absorbed_ into the underground reservoir as they flow 
past the loss zone. Following major storms the runoff is. frequently 
greater than the infiltration capacity along the streams and large 
volumes of water escape beyond the lower edge of the Edwards outcrop. 
From gage records of the Geological Survey it has been estimated that 
the infiltration rate along the streams in the Nueces River Basin 
where they cross the fault zone varies from about 500 to more than 
1000 second-feet. Major storms during the past 30 years have produced 
peak discharges in the stream channels of the Nueces River Basin in 
excess of 600,000 second-feet. Along_the streams in. this basin, which 
contribute approximately 64 percent of their flow to the natural
recharge of the underground reservoir, about 12B,ooo.acre-feet.per 
year of water resources pass the lower edge of the Edw~ds outcrop. 
This point on the streams.is generally considered to be the down
stream limit of the major recharge zone. Of the streams in the San 
Antonio River Basin only about 8 percent, or 15,900 acre-feet per 
year, of the average annual resources from the upp_~ areas of . th~ 
basin pass the lower edge of the Edwards outcrop. Cibolo,. Salado, 
and Leon Creeks and other small tributary streams lose over 90 percent. 
of their flow to the underground reservoir. Medina River, largest of 
the San Antonio River tributaries, has 93 percent of its resources 
above the lower edge of the Edwards .outcrop ~pounded in Medina Reser
voir. Of the quantity impounded, approximately half is lost to the 
Edwards aquit'er through le$kage from-the reservoir and its irriga
tion facilities. In the Guad~lupe River Basin only one:stream, Dry 
Comal Creek, is a·major contributor to the Edwards aquifer. It loses 
71 percent of its flow and has an annual average of only,8,4oo acre
feet of its resources passing the outcrop. A small quantity of 
recharge is realized from the Blanco River, about 10,900 acre~feet 
per year, with an additiona.l 141 500 acre-feet per year being contrib
uted . by adjacent areas •.. An average of about 74,100 acre-feet per 
year of water passes the .. lower. edge of the ou~crop along this stream 
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~~ and adjacent areas. The Guadalupe River, itself, is a noncontributor 
to the underground reservoir. Prior to construction of Canyon Reser
voir an average of 246,000 acre-feet per year of water crossed the 
Edwards outcrop on this stream with no measurable loss.· Table 6 at 
the end·or this section lists the estimated average annual resources 
and the average annUal recharge from each stream in the Edwards 
Reservoir area. The resources and recharge quantities are shown for 
the period 1935-1956. 

32. From extensive studi~s and investigations made over the past 
40 years by a number of Federal, State, and local governmental ·agencies, 
consulting engineers, and ground-water hydrologists, and from studies 
and investigations made by the Corps in connection with this report, 
it has been concluded that the most practical and effective means of 
increasing the recharge of the Edwards Underground Reservoir would be. 
to provide surface storage, where feasible, in and upstream from the 
Balcones escarpment in the recharge area of the aquifer. The sur-
face water reservoirs·would impound floodflows from the watershed areas 
above the dam sites and would.provide regulation of the recharge to the 
underground reservoir. The water would be released from the surface 
reservoirs at rates not to exceed the infiltration rates along the 
streams and allowed to enter the underground aquifer through existing 
natural reCharge channels downstream from the dams. In this manner 
the projects would enable an increased volume of water to be utilized 
for recharge of the underground reservoir over the life of the projects. 

33. PRELIMINARY STUDIES.- In the watershed area of the artesian 
aquifer preliminary field and office topographic, geologic, and hydro
logic studies were made to locate potentially favorable dam and reser
voir sites on the principal streams. A total of 21 possible sites were 
found for initial studY. On the basis or results or water resoUrce 
studies, as presented in table 6, and a review of flood damages that 
have been experienced in the area, the list or potentially favorable 
project sites was reduced to 13. It was found that the eight reser-· 
voir sites eliminated would develop·insufficient resources and flood 
control·benefits to justify the projects. The remaining 13 sites 
are discussed· in more detail in paragraphs 41-46. 

34. For the 13 projects selected for more study, detailed cost 
and benefit data were prepared and detailed field and office geologic, 
hydrologic, flood control, recreation, .and other feasibility investi
gations and studies were made. In addition, preliminary studies were 
made to determine if provision of hydroelectric power facilities at 
Federal expense could be justified at·any reservoir project under 
consideration in the drainage area of the Edwards Underground Reservoir. 
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35· For preliminary project justification studies on the 13 
projects under consideration, cost estima~es for the recharge projects 
were determined for a reservoir containing storage for 50-year flood 
control. All releases from the projects would be used for recharge · 
of the Edwards aquifer. A value of 13.6 cents per 1,000 gallons of 
pet increase in average annual recharge was used to evaluate the 
water conservation benefits. This value was determined b,y the Public 
Health Service and was based on alternate cost of water to replace 
that available for pumping in the San Antonio area. For preliminary 
justification purposes only, it was assumed that all increased 
recharge would be available for pumping. For projects containing 
conservation storage for purposes other than recharge the water 
supply benefits were based on. the cheapest alternate source of water 
in the vicinity of the projects. Annual charges for all investigated 
projects were based on an interest rate of 3-1/8 percent and an 
amortization period of 100 years. 

36. SPECIFIC STUDIES.- The following paragraphs give a summary 
description of the more detailed investigations made during prepara
tion of this report. 

a. Economic studies.- An economic base study has been 
made to measure recent economic growth and to estimate future growth 
in the Edwards Reservoir area. Projections of industrial develop
ment, population, employment, and income. have been made to assist 
in measurement of the probable increase in water resource require
ments and the development within the flood plains. A detailed 
analysis is contained in Appendix V, Economic Base Study. 

b. Flood control studies and investigations.- Field and 
office studies and investigations have been made of flood problems 
in the Edwards Reservoir area. The investigations were extended to 
include areas downstream in the Gulf Coastal Plain which would be 
affected by projects within the Edwards area. The studies included 
an analysis of the flood problems, delineation of areas subject to 
flooding, and evaluation of the average annual damages and benefits 
that would accrue from provision of flood-control improvements in 
the Edwards Reservoir area. Details of the flood-control studies 
are described in Appendix JY, Flood Control Economics. 

c. Geologic investigations.- Geologic conditions at 
10 dam sites were investigated for the copstruction of recharge 
reservoirs in the Nueces and San Antonio River Basins. The sites 
chosen for investigation were located on the Nueces, Dry Frio, 
Frio, and Sabinal Rivers and on Seco, Hondo, and Cibolo Creeks. 
Additional investigations were also made at the existing Medina 
Dam. Six of the sites were located in the Edwards Plateau up
stream from the heavy seepage loss areas associated with the 
Balcones fault zone. These investigated dam sites are situated 
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in areas where the streams bave cut through the Edwards and Comanche 
Peak limestones into the under~ing Glen Rose limestone, which 
:formation bas generaJ..l.¥ proven capable of containing water. Core . 
drilling, pressure testing, and other geologic investigations were 
made at :five ot the six sites to determine :foundation conditions :for 
proposed structures and to determine if the dams and reservoirs could 
be expected to be relative~ watertight. Four of the ten recharge 
project sites are located in or adJacent to the Balcones fault zone 
and were investigated as "dry-pool" reservoirs, or reservoirs which 
would not contain permanent ·storage. Core drilling and pressure testing 
were performed at one site on Cibolo Creek within the fault zone to 
investigate the possibility of using this reservoir for "pump-up" 
storage, or storage pumped into the reservoir :from the aquifer when· 
water levels in the underground were high. 

(l) Foundation and oth~ geologic investigations were 
made ~ three dam site locations in the Guadalupe R"iver Basin. "Projects 
in .. tnis area would not be :for recb,a.rge purposes but ·would. contain 
~iorage for flood-control, conventional water supp~, recreation, and 

·tish and wildlife· ptirposes~ . Investigations were made at two sites on 
the upper Guadalupe River upstream :from the Balcones :fault zone and 
Canyon Reservoir. A selected project would operate in conjunction 
with the Canyon Reservoir for developing to the extent :feasible the 
total water resources above this project. A third project was investi
gated in this .basin on the Blanco River. 

(2) Results of investigations at Medina Dam and a 
detailed description of the geology of the dam sites and the general 
geology of the area are presented in appendix III. · 

d. HydrOlo$ic investigations.- Extensive hydrologic 
investigations have be~ made to determine the quantity of additional 
water resources that could be developed for recharge of the Edwards 
Underground Reservoir and other water conservation purposes by con
struction o:r· surface reservoirs on the streams of the Edwards Plateau. 
Tb determine the best method of regulating the surface reservoirs :for 
recharge of the aqui.f'er three basic plans of operation were investi
gated. Two of the methods involved holding the water in surface con
servation pools and the third method provided :for the release of all 
storage at recharge rates following each runoff periOd. Studies 
based on each of the three methods of operation were evaluated to 
det~ne the net increase in the springtlow' and in the quantity of 
water available :for pumping. These methods of operation and the 
determination of the most favorable method are discussed· in para
graphs 37-40. 

(1) Dependable yield and evaporation studies were made 
for reservoirs located upstream :from the Balcones fault zone, which 
were considered capable of containing permanent conservation pools • 
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For all the projects investigated, flood~c6ntrol studies were made·to. 
determine the storage requirements to control the floods of. record on 
the individual streams. The investigations also included studies of 
sediment requirements and ·s·tructural requirements for tpe spillVS¥, 
outlet works, and embankment. · 

(2) In order to determine the dependable yield of the 
underground reservoir and to evaluate the effect of the recharge . 
structures on the yield ot the aquifer, a number of hydrologic 
routings of water resourceB through the underground reservoir were · 
made under existing and modified recharge conditions. The period. 
of routing, 1935-56, was adopted because it represents one complete 
cycle from a period of ·high runoff through a period ot critical 
drought. To determine the yield of·the Edwards Reservoir·which 
might be associated with various levels of drawdown, routings t}lrough 
reservoir storage were made assuming several constant pumping rates. 
However, because of the risk of pollution of the Edwards Reservoir. 
by drawing it down below the historical low, a minimum control· eleva-· 
t.ion of 6J2 feet mal of the water surface of the underground .:reservoir 
at San Antonio was used in the evaluation of all recharge plans. -Th~. 

routings were made for a.number of.cambinations of surface reservoirs 
regulated under the three basic plans of operation. 

(3) Additional hydrologic studies were made to deter-·. 
mine the effects of investigated res.ervoirs on yields of downstream 
existing reservoirs, including Wesley Seale Reservoir (CorpuS Christi) 
on the lover Nueces River •. Studies were also made to deter.mine the 
effects o.n .the .yields of downstream reservoirs proposed by the 
Guadalupe-Blanco River Authority and the Nueces River .Conservation 
and Reclamation District; namely, Cuero Reservoir on the Guadalupe 
River and Tom Nunn Hiil and Cotulla Reservoirs on the Nueces River. 
The effects of· the irivestigatea ··reservoirs on yields of existing. and 
proposed downstream reservoirs are discussed in paragraph 90 •. A 
summary analysis of other hydrologic investigations is contained in 
subsequent paragraphs and sections of this appendix and ~ detailed 
analysis is presented in Appendix II, Hydrology and Hydraulic .Design. - . 

• 
e. Recreation.- Studies have been made of the needs,for 

lands and facilities fo~ recreation and fish and wildlife purposes 
within the Edwards Reservoir area. For determination of benef.its for 
recreation the studies include the use and-projection of data compiled 
for existing Corps of Engineers • projects. A detailed analysis of 
recreation studies is presented in Appendix VI, Recreation and.Fish 
and Wildlife. · 

f, Reports of other agencies.- The Public Health Service 
has prepared an analysis of the _future water requirements for water 
supply and water quality contro1 to the year 2075 within the 14 counties 
comprising the .Edwards Reservoir area. In addition, benefits which· 
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would accrue to water supply reservoirs under consideration have been 
developed. The report of the Public Health Service is attached to 
this appendix. The Bureau of Sport Fisheries and Wildlife has prepared 
a report on projects under consideration in the Edwards Reservoir area. 
This report is attached to appendix VI. A report by Isotopes, Inc., 
Westwood, New Jersey, has been prepared on the feasibility of using 
radioactive tracer studies as a means to further define flow paths 
and rates of flow in the Edwards Underground Reservoir. This report 
is attached to appendix III. 

37· PLANS OF OPERATION FOR RECHARGE RESERVOIRS.- For operation 
studies on investigated recharge reservoirs, four project sites were 
used and these sites were located upstream of the Edwards outcrop in 
areas considered to be relatively watertight. The reservoir projects 
were Montell on the Nueces River, Concan on the Frio River, Sabinal. 
No. 2 on the Sabinal River, and Hondo on Hondo Creek. 

38. Three basic methods of operation of the four reservoirs were 
investigated. Under one method of operation the water would be retained 
in the surface reservoirs during periods when the water level. in the 
underground aquifer was high and when rainfall and runoff from the 
uncontrolled areas kept the underground reservoir replenished. During 
periods of drought, when the water level in the underground reservoir 
is drawn down to some· predetermined level and the natural recharge is 
small, the water would be released from the surface reservoirs to enter 
the aquifer to provide a dependable volume of water during the remaining 
years of the drought period to maintain, as a minimum, the water level 
in the underground reservoir at the predetermined elevation. Under this 
method of operation approximately 974,000 acre-feet of water would be 
impounded in the four reservoirs. Assuming no evaporation losses, these 
four reservoirs would increase the average annual recharge from these 
streams by about 72,000 acre-feet per year. However, by impounding 
this large quantity of water in surface reservoirs in this semiarid 
region and making no releases and recharge only during the critical 
drought, approximately 63,000 acre-feet of water resources would be 
lost by evaporation each year. The operation of the four projects 
under this plan would result in a net recharge to the aquifer of 9,000 
acre-feet per year. In addition, water levels in the underground 
reservoir would average from 4 to 7 feet lower during most years of 
operation except during the latter years of a severe drought. Because 
of the lowered water levels in the aquifer, springflow would be 
substantially reduced throughout the entire period of operation 
without a significant increase in the quantity of water that could 
be pumped from the aquifer. For these reasons this method of opera
tion was eliminated from further consideration. 

39· Under the second method of operation, a constant release 
would be made of the dependable yield of the surface reservoirs for 
continuous recharge of the underground reservoir. By operation of 
the reservoirs in this manner the evaporation loss would be reduced 
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to about 54,000 acre-feet per year, and the net recharge from the four 
reservoirs would average 18,000 acre-feet per year. The construction 
of Hondo Reservoir and operating it in this manner would actually 
reduce the existing recharge from this stream by 2,400 acre-feet per 
year. 

40. The high evaporation rate in this region·prevents the 
efficient and effective recharge of the Edwards Underground Reservoir 
by storage of floodwaters in permanent conservation pools. Because 
of the high and urgent demands for water in the Edwards area and the 
high evaporation losses the third method of operation would be to 
release the water from the surface reservoirs as quickly as possible 
at a rate equal to the infiltration rate of the streams. The opera
tion of "dry-pool" reservoirs would enable the development of 
maximum water resources at the dam sites with a minimum loss of the 
resources to evaporation. The net increase in recharge from the four 
reservoirs would average 72,000 acre-feet per year under this method 
of operation. 

41. INVESTIGATED PROJECTS.- The investigated project sites in 
the Edwards Reservoir area are shown on plate 3 and· are discussed in 
the following paragraphs in the order of their location on streams 
of the Nueces, San Antonio, and Guadalupe River Basins. The 
resources that could be developed at the investigated sites for 
recharge of the Edwards Underground Reservoir are shown in table 6. 
A summary of the preliminary justification studies is presented in · 
table 7· 

a. Nueces and West Nueces Rivers.- Flood control and 
water resource investigations were made at two dam sites on the main 
stem of the Nueces River, the Tom Nunn Hill site downstream from 
the Balcones fault zone near the city of Uvalde and the Montell site 
upstream from the fault zone and about 20 miles north of Uvalde. 

(1) Flood control studies at the Tom Nunn Hill 
Reservoir site were made by the Corps in connection with the 1944 
survey report on the Nueces River. An analysis of the volumes of 
floods experienced at this site indicated that 326,000 acre-feet of 
flood-control storage would be required to control the maximum flood 
of record. This, in addition to UO,OOO acre-feet of conservation 
storage, is considerably more than is available at the site. In 
addition to the flood control storage limitation at the Tom Nunn 
Hill site, this site is downstream f'rom the Balcones f'ault zone and 
outside the recharge area of the Edwards Underground Reservoir. A 
reservoir project is needed upstream from the fault zone to store 
floodf'lows and release them at a slower rate to control the recharge 
from this stream to the underground aquifer and to supply a portion 
of the water demands in the Tom Nunn Hill area. 
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~ (2) The investigations··'at the Mantell. site made in 
connection with this report indicated that a flood control and water 
conservation reservoir·at this site could be economical~ justified. 
Sufficient storage· is available to control the flood of record on this 
stream and to develop the maximum water resources at the site for con
servation purposes. Because of the heavy loss of resources to evapora
tion from a reservoir surface in this area, a joint-storage plan for 
flood-control and recharge purposes was found to be the most effective 
as well as the most economical and produced the greatest excess benefits 
over cost. As shown in table 6, the average annual recharge from the 
Nueces River could be increased by 26,600 acre-feet per year by construc
tion of a project at this site. 

(3) Because of the Wa.ter sup~ly needs in the Tom Nunn Hill. 
area investigations were made to provide a small permanent pool in the 
Mantell Reservoir to produce the equivalent dependable yield of the Tom 
Nunn Hill Reservoir, computed to be approximately 4,300 acre-feet per 
year. Under natural conditions all of the low flows and much of the 
flood.flow from the upper reaches of the Nueces River are lost to the 
underground reservoir as the stream flows across the Edwards outcrop. 
During the critical period 1947-1956, gage records indicated the Nueces 
River had a continuous flow at the Laguna gage. However, records for 
the gage below Uvalde (downstream from the outcrop) indicated no flow 
over a period of many months. On April 23, 1952, the average daily flow 
at the Laguna gage was 577 second-feet. The flow at this gage was 
continuous through ~ 26, 1952, at which t~e a discharge of 45 second
feet was recorded. During this entire period no flow was recorded at 
the gage below Uvalde. To insure the water reaching the Tom Nunn Hill 
area from the Mantell Reservoir, investigations were made of a channel 
dam on the Nueces River upstream from the Edwards outcrop and a pipeline 
~rom the channel dam across the loss zone with sufficient capacity to 
supply 4,300 acre-feet per year to this area. 

( 4) The Federal cost for construction of a water supply 
reservoir at the Tom Nunn Hill site with a conservation storage capacity 
of 50,000 acre-feet has been estimated to be approximately $11,500,000. 
The annual charges for this project would be $394,9QO. The annual 
charge to furnish the 4,300 acre-feet per year, the computed dependable 
yield of the Tom Nunn Hill Reservoir, from a water supply only reservoir 
at the Mantell site would be about $51,300. This annual cost, plus that 
estimated for the channel dam and pipeline, $46,ooo, totals $97,300. 
This indicates a saving of $297,600 per year. Obtaining the same 
quantity of water from the multiple-purpose Mantell project in lieu of 
construction of Tom Nunn Hill ReserVoir would increase this savings. 

(5) 1n "the event an additional quantity of water is 
desired for this downstream area in the Nueces River Basin, the addi
tional water could be made available from the Mantell Reservoir for 
approximately 12 cents per 1,000 gallons ($39/acre-feet), based on the 
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cost of a single-purpose project. The pipeline across the fault zone 
could also be extended further downstream from the Tom Nunn Hill area: 
at a cost of about $50, 000 per mile.. Enlarging the Mont ell Reservoir 
to provide 10,000 acre-feet per year of dependable yield.for down
stream water supply purposes would decrease the recharge from the 
proposed project by approximately 18 percent. 

(6) Based on preliminary investigations, a flood
control and recharge reservoir on the West Nueces River could not be 
justified. The stream flows across the Edwards limestone and gravel 
formations. It has no base flow and extensive losses occur through
out the length of the stream. At a site where a structure would 
control about 700 square miles or 77 percent of the drainage area, 
the increased recharge that could be developed would be only approxi
mately 10,6oo acre-teet per year. In addition, since a structure on 
this stream would have . a detrimental effect on the dependable yield 
of Wesley Seale Reservoir (Lake Corpus .Christi), no fUrther considera
tion was given to developing a reservoir project on the West Nueces 
River. 

b. Frio and Dry Frio Rivers. 

(1) The dam site investigated on the Frio River is 
located upstream from the Edwards outcrop in the Vicinity of Concan 
and in a relatively watertight zone ot the Glen Rose limestone. 
Investigations showed that provision of 149,000 acre-feet ot 
storage (including 7,800 acre-teet ot reserve storage tor 100-year 
sedimentation) in this project would control the estimated maximum 
flood ot record on this stream and would increase the recharge to 
the underground reservoir by 21,500 acre-teet per year, based on 
a joint-storage plan and operating the reservoir to release the 
water after each rain. Operation ot the reservoir in this manner 
would eliminate heavy losses to evaporation and would reduce storage 
requirements by about 287,000 acre-teet. A reservoir at the Concan 
site containing joint-storage for flood-control and recharge was 
found to be fully justified. 

(2) A dam site, Davenport Hill, was investigated 
on the DTy Frio River at a location approximately 5 miles south
east of Reagan Wells and within the Balcones fault zone. Develop
ment of this site was not found· to be economically justified. A 
reservoir to increase the available recharge from this stream by 
8,300 acre-teet per year would require an annual expenditure ot 
about $443,000 with benefits of about $320,000. 

c. Sabinal River.- Detailed studies were made of two 
dam sites on the Sabinal River. Only a joint-storage reservoir 
for flood control and recharge could be justified. The most 
favorable location for a reservoir ot this type was found to be at 
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~ a site located about 11 miles north of the town of Sabinal. The structure 
would be founded on the Edwards limestone near the upstream limits of the 
outcrop. Structural foundation and topographic conditions are considered 
favorable. A reservoir at this location containing joint-storage of 
about 93,300 acre-feet would control the estimated flood of record and 
would increase the recharge to the underground from this stream by about 
15,8o0 acre-feet per year. Leakage along joint systems, similar to that 
at Medina Dam, is expected but should present no problem in construction 
or stability of the structure. Siltation in the reservoir, because of 
its type and small quantity, is not expected to appreciably seal off or 
damage existing recharge channels leading from the reservoir area to the 
Edwards aquifer. Construction of the project would require an annual 
expenditure of about $483,000 and return net benefits each year of about 
$646,000. 

d. Seco, Hondo, and Verde Creeks • 

(1) Detailed investigations were made at two dam sites 
on Seco Creek and one site on-Hondo Creek. Preliminary studies were 
made on Verde Creek and other small tributa.:"!es in the area. As shown 
in table 6 and on plate 3, construction of projects on the three principal 
streams and two of the smaller tributaries to control about 236 square 
miles would result in a net increase to recharge of only 9,200 acre-feet 
per year. Because of the high cost of reservoir construction and small 
benefits for flood control or recharge, no projects on these streams 
could be economically justified at this time . 

. (2) In connection with the 1944 survey report on the 
Nueces River the Corps made extensive investigations of a levee 
project on Seco Creek for the flood protection of the town of D'Hanis. 
The local protection project was not found to be economically justified 
at that time. Since a reservoir on Seco Creek could not be justified 
for flood control.and recharge, further investigations were made in 
connection with this report to determine whether a local protection 
project could be economically justified at this time. Average annual 
damages of $18,700 have been experienced at D'Hanis and under future 
conditions are expected to be about $57,900; however, the annual 
charges for a flood protection project are estimated to be $127,000, 
resulting in a benefit-cost ratio of 0.45. Based on these studies, 
a local protection project at D'Hanis could not be economically 
justified. 

e. Medina River.- Investigations made at Medina Dam to 
determine the feasibility of reducing leakage from the reservoir 
consisted chiefly of geologic mapping, core drilling, electric 
logging, and dye and water pressure testing. The explorations to 
date indicate that leakage from the lake occurs principally through a 
well-developed joint system. From observations made over the past two 
years, it is known that the springflow in the spillway channel 
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is proportional to the head of the lake behind the Medina Dam. Some 
of the springs which flow when the reservoir is high cease to flow as 
the lake level drops and the discharge from those that continue to 
:flow is reduced considerably. 

(1) It cannot be definitely concluded, based on the 
limited exploration made to date, that leakage from the reservoir 
can be eliminated. It is felt that grouting could reduce the leakage 
from the reservoir; however, additional exploration would be necessary 
to determine the extent of work necessary to accomplish the desired 
results. A more detailed discussion of the geologic investigations 
at Medina Dam is contained in Appendix III, Geology. 

(2) HYdrologic studies for this project indicate that 
leakage from the main reservoir, the diversion reservoir and irri
gation distribution system contribute a yearly average of about 42,700 
acre-feet of recharge to the Edwards Underground Reservoir. Due to 
water releases, leakage and evaporation the water surface is usually 
well below the maxfmum storage level and the reservoir has been 
capable of storing practically all floodflovs without frequent 
overflows through the spillwey section. If the reservoir were 
operated for recharge only, the increase in recharge from this 
stream would be about 20,900 acre-feet per year. 

f. Leon, San Geronimo and Salado Creeks. 

(1) It is estimated that construction of two detention 
reservoirs in the Leon Creek watershed and one on San Geronimo Creek 
to control about 84 square miles would increase the average annual 
recharge to the underground reservoir by about 1,400 acre-feet. 
However, since average annual flood damages in this area are small., 
there are insufficient flood-control and water supply benefits to 
justify construction of the three projects at this time. 

(2) Since the Soil Conservation Service has prepared 
work plans to construct 16 floodwater detention structures on the 
Salado Creek watershed, only water resource investigations were 
made on this stream. It is estimated that the 16 reservoirs will 
increase the average annual recharge from this watershed by approxi
mately 3,000 acre-feet per year if the water stored in the reser
voirs is released after each rain to avoid loss of resources by 
evaporation. 

g. Cibolo Creek.- Initial investigations were made at 
two sites on Cibolo Creek for construction of a dam and reservoir 
to contain permanent storage. The sites chosen for investigation 
were Bulverde at river mile 107.3 and Bat Cave at river mile 93·9· 
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r' (1) Hydrologic analysis of records of stream-gaging 
stations in the vicinity of Bulverde Dam site revealed that excessive 
losses in streamflow occur alor~ the reach of Cibolo Creek above the 
site, and, as a result, only a small portion of the runoff available 
from the watershed upstream would be available for storage in the 
reservoir. 

(2) In the Bat Cave area investigations were initiated 
with a view· toward developing a·dam site in close proximity to the 
city of san Antonio which would control the streamflows and also be 
available· for supplemental storage· of' water pumped from the under
ground reservoir during periods when its water level was high. Prelim
inary geologic investigations at this site indicated that the reservoir 
area would be in an outcrop afthe Glen Rose limestone, a formation 
normally watertight. Although the investigated dam site is loca-ted in 
an area of intense faulting, previous seepage ·studies showed that no 
appreciable streamflow losses occurred from the dam site upstream to 
Bulverde. MOre.detailed investigations revealed that the Glen Rose 
limestone occurs only to an elevation of about 58 feet above the 
streambed and is overlaid by Comanche Peak and Edwards limestones 1 thus 
limiting the available storage space in the reservoir. Also, it was 
found that the elevation of' the water table in the reservoir area is 
predominantly below the elevation of the Cibolo Creek channel. This 
fact, plus the high permeability of' the creek bed and the probability 
that caverns and sinkholes in the adjacent area offer an underground 
escape route for the intermittent flow of the creek, make it doubtful 
that Bat Cave Dam and Reservoir area would be sui table for the permanent 
storage of' water. In addition, evaporation studies revealed that a 
large portion of the water pumped from the underground reservoir would 
be lost when impounded in surface projects. 

(3) Bat Cave Dam site was also studied for operation of 
a project containing joint-storage for flood-control and recharge 
purposes. Under existing conditions approximately 92 percent of the 
estimated water resources of Cibolo Creek above the lower edge of the 
Edwards outcrop currently recharge the underground reservoir. Con
struction of a joint-storage reservoir on this stream would increase 
the recharge by only approximately 4,400 acre-feet per year. Also~ 

since average annual flood damages are minor along the reach of Cibolo 
Creek between the Ba~ Cave site and the headwaters of Cibolo Reservoir, 
proposed for construction by the Bureau of Reclamation, sufficient 
flood-control and water supply benefits are not available to justify 
further water resource: development on Cibolo Creek at this time. 

h. Dry Comal Creek.- Runoff from the watershed of Dry 
Coma.l Creek is considered to be a principal source of supply for Comal 
Springs at New Braunfels. Investigations by the Geological Survey 
conclude that water lost from the stream in the Edwards outcrop 
reappears in the spririgs near the· mouth of the creek. It is believed 
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that construction of a recharge reservoir on this creek would increase 
the springtlow by about 1,300 acre-feet per year without a measurable 
effect on the underground reservoir. 

i. Guadalupe River.- Since the Guadalupe River is virtually 
a non-contributor to the recharge of the Edwards Underground Reservoir, 
projects investigated on this stream were not intended to operate as 
recharge reservoirs but would contain storage for flood control, 
conventional water supply, recreation, and fish and wildlife purposes. 
Investigations were made at two sites on the upper Guadalupe River 
upstream from the Balcones fault zone and Canyon Reservoir. The sites 
selected for study were Comfort at river mile 402.8 and Dam No. 7 at 
river mile 351.3, the site proposed by the Guadalupe-Blanco River 
Authority. 

(l) The structure investigated for the Comfort Dam 
consisted of an earth and rock-fill embankment with a gate-controlled 
spillway located in the river channel. Geologic investigations 
showed the bedrock to be a suitable foundation for the structure and 
the reservoir would be contained in the Glen Rose limestone. Hydro
logic studies indicated that a reservoir with a conservation pool of 
445,900 acre-feet would fully develop the available resources and 
provide a yield of 56,500 acre-feet per year (50 million gallons per 
day) or a total yield for the Comfort-Canyon system of 123,200 acre
feet per year (110 mgd). This is a net increase in yield of 26,800 
acre-feet per year (24 mgd) over that developed by the Canyon project 
alone. 

(2) . The investigated Dam No. 7 consisted of an earth 
and rock-fill embankment with an uncontrolled spillway and an outlet 
works through the dam. This dam and reservoir would also be in the 
Glen Rose limestone formation. A reservoir with a conservation pool 
of 640,500 acre-feet would develop a dependable yield of the Canyon
Dam No. 7 Reservoir system of 142,700 acre-feet per year (127 mgd) or 
a net yield for the Dam No. 7 Reservoir of 46,400 acre-feet per year 
(41 mgd). 

(3) The cost of water at the Comfort project would 
be 20.7 cents per 1,000 gallons as compared to 9·3 cents per 1,000 
gallons at Dam No. 7. Since Canyon Reservoir on the Guadalupe River 
has been designed to control the flood of record above the dam site, 
flood control as a project purpose could not be justified in either 
of the two additional reservoirs, Comfort and Dam No. 7, considered 
for the upper basin. 

(4) At the request of local interests, investigations 
were made to determine the feasibility of pumping the dependable 
yield of Comfort Reservoir across the basin divide into the water
shed of Medina Reservoir. It was determined that the water could 
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be transported across the divide by pipeline for approximately 2.1 cents 
per 1,000 gallons. This wou1d give a total cost of delivered water of 
22.8 cents per 1,000 gallons. 

(5) Because of· the urgent need in the-Edwards Reservoir 
area for an additional water supply to supplement that. available from 
the underground reservoir, both surface water reservoirs were investi
gated and found to be justified; however, a reservoir at the Dam No. 7 
site, the fartherest downstream, would develop a greater percentage of 
the resources of the stream at a lower unit cost than a project at the 
Comfort site. 

( 6) Additional studies were made to determine the effect 
on the basin yield which would result from an exchange of storage between 
Dam No. 7 and Canyon Reservoirs. Results of the hydrologic studies 
indicated that the yields (on a system basis) would be virtually the 
same. In addition, an increase in the conservation pool of Canyon 
Reservoir.would have severe effects on the recreational facilities at 
this project. A~ecreation area bas been constructed at Canyon Reser
voir which is to be a model recreation area for the Corps of Engineers' 
projects in the Fort Worth District. This model recreation area is 
located on an island with access provided by a causeway about one mile 
in length. Increasing the conservation pool of the reservoir would 
necessitate increasing the height of the access road to the area. Also, 
the expected visitation for a larger water surface area would increase 
the extent of recreational facilities to be provided throughout the 
project area. The extensive development and subdivision by local 
interests which ha'V'e already occurred would require payment of highly 
inflated prices for the lands necessary to provide the additional 
recreation facilities which would be required to satisfy the expected 
visitation. Since the increase in system yield afforded by an exchange 
of storage would be minor, about 1. 3 mgd, it is proposed to provide all 
the additional water conservation storage in Dam No. 7 Reservoir and not 
reallocate storage space in Canyon Reservoir. 

j. Blanco River.- Studies were made on the Cloptin Crossing 
Reservoir site, located at river 32.5 on the Blanco River, the site 
proposed by the Guadalupe-Blanco River Authority. Investigations 
revealed that a project at this location could be justified to contain 
storage and facilities for flood-control, conventional water supply, 
recreation, and fish and wildlife purposes. A conservation storage of 
274,900 acre-feet would provide a dependable yield of 42,700 acre-feet 
per year (38 mgd). Operation of this project for conventional water 
supply purposes would have little or no effect on the water levels in 
the underground reservoir and would not have a significant effect on 
the natural recharge_ of the aquifer from this stream. 
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42. SUMMARY OF PLAN FORMULATION STUDIES.- Studies were made of 
all streams crossing the fault zone in the three river basins to deter
mine the quantity of water that would be available for recharge of the 
Edwards aquifer. The principal areas in the watershed of the Edwards 
Underground Reservoir where additional water resources could be 
developed lie within the Guadalupe River Basin and the western portion 
of the Nueces River Basin. In the Guadalupe River Basin it was found 
that construction of projects would have little or no effect on 
recharge of the underground reservoir. However, projects for purposes 
other than recharge were studied and it was found that Dam No. · 7 
Reservoir on the Guadalupe River for water conservation and Cloptin 
Crossing Reservoir on the Blanco River for flood control, water 
conservation, fish and wildlife, and general recreation could be 
economically justified. Since only a very small percentage of the 
water resources of the San Antonio River Basin passes the lower edge 
of the Edwards outcrop, and since there are no appreciable flood 
damages in this area, no additional water resource development could 
be justified in this basin at this time. On major streams of the 
Nueces River Basin three reservoirs to contain joint-storage for 
flood control and recharge were found to be economically justified. 
These three are the Montell Reservoir on the Nueces River, Concan 
Reservoir on the Frio River, and Sabinal Reservoir on the Sabinal 
River. 

43· As can be seen •in table 6 and discussed in paragraph 29, 
Recharge Investigations, the recharge from the streams is very 
effective under natural conditions and for many of the smaller 
streams a relatively small quantity of water crosses the loss zone 
that could be made available for recharge purposes. The high cost 
of construction and the small quantities of water available preclude 
thorough investigation and development of these smaller streams at 
this time. 

44. Attempts have been made to evaluate the benefits derived 
from the small uncontrolled recharge projects constructed in Uvalde 
County and described in paragraph 9, but because of the lack of 
stream gaging stations and strategically located recorder wells in 
the Edwards and associated limestones, the benefits are still 
conjectural. It is true that some floodwaters that would otherwise 
escape are diverted into the underground reservoir, but just how 
much or whether the expenditures are justifiable is not known. 
Runoff or floodwater is captured only after heavy rains and it is 
during these periods of abundant rainfall that the recharge is 
generally not necessary. Although large controlled recharge 
projects on major streams in the Edwards Plateau will capture and 
contain most of the runoff, there are areas where the small 
retention type structures possibly would be effective. One such 
area is Seco Creek where a suitable dam and reservoir site for 
controlled recharge could not be justified. Small dams and 
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injection wells along this creek might prove economically feasible 
and desirable but care should be exercised in locat:f.ng recharge sites 
where it is certain the water will find its way into the Edwards 
Underground Reservoir. It is conceivable that in the operation of 
reservoirs on larger streams by withholding releases for a day or 
two during storms that more of the runoff from the uncontrolled areas 
will enter the aquifer than does under existing cond:f.tions, particularly 
from streams adjacent to projects. After a period of operation of the 
reservoirs a determination can then be made of their effect on the 
runoff from the uncontrolled areas and small retardation type structures 
may become economically feasible at that time. 

45. Preliminary studies indicate that the inclusion of hydro
electric power facilities at Federal expense is not justified at the 
reservoir projects under consideration in the drainage areas of the 
Edwards Underground Reservoir. The high cost of po'Wer capacity, the 
low flow of the streams, and the lack of adequate regu.latory storage 
combine to support this conclusion. 

46. In accordance with section 2b of the Federal Water PoLlution 
Control Act, as amended, consideration was given to use of storage in 
investigated reservoirs for streamflow regulation for water quality 
controL A pollution problem exists along the San Antonio River down
stream from the City of San Antonio. However, projects that could be 
developed in the Edwards Reservoir area to yield a substarLtial quantity 
of uater to partially alleviate this problem would have to be located 
in the adjoining river basins some distance from the problem area. 
Also, because of the serious water shortage anticipated for the fUture 
in this are~, it is believed that high municipal and. industrial water 
demands will preclude development of the available resources for other 
purposes.· The methods and procedures used in deter.mining the project 
purposes and allocated storages in the projects found justified in 
the preliminary analysis and final justification studies a.re described 
in the following section. 
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TABLB 6 

RBCJIAIIJB PJIO.TBC'1' IJiiiBSTIOA!'IOHS 

Bst1illilte4 aTel'IISe Betiate4 aTe!!le allllU&l. recbame lac-tt I! ATel'IISe aDiiii&1 ruJJDft at : 
8DIIII8l. resoarces : - lover ~~~ ot B4var4s oatcrop•: 

above lover e ot Bld.stiQI IID41t1e4 Increase due to Bld.st1Dg : Mod1t1e4 : 
streiiJIIHI* lr4wlm!a outc ac-tt *: c01141ticma cim41t1ons reaervof.r acts collditioiiS : CODd1tions 

GVADALUPB ·RIVBR IASD 

Bl.anco RiTer 8114 a4,1acellt area 99,500 25,1too 25,1too 0 74,100 24,200(1) 

Gua4al.upo Rf.Ter 246,000 0 0 0 246,000 T'J,l00(2) 

Dey C-.1. Creek ~ ~ 21,800 1,300 8,4()() 1&100 

SUBral'AL - Gua4al.upe •ftr Baain 374,1100 45,900 47,200 1,300 328,500 105,l!oo 

SAB Al'l'O!IIO RlVBR BASIB 

Cibal.o Creek 58,900 ~,100 se,5W 4,4oo 4,800 ltoo 

Sal114o Creek. 2"-,ltoo 21,4oo 24,4oo 3,000(3) 3,000 0 

Leon 8114 scm Gol'OlWio Creek 29,300 27,6oo 28,900 1,300 1,700 4oo 

lfo41Da Rf.wr ~ ~ 63,6oo ~(4) 6,4oo(5) !.L.l!!.Q( 6) 

SUBI.'C7.L'.AL - scm .Antonio Rf.Ter lae1D 206,900 145,800 175,4oo 29,6oo 15,900 18,500 

11UJmS RlVBR BASIB 

Verde Creek 18,700 14,6oo 17,000 2,4oo 4,100 1,700 

JIDDikl Creek 23,500 18,300 22,200 3,900 :,200 1,300 

Tr:lblltar,r areas 13,700 10,700 u,ltoo 700 3,000 2,300 

Seco Creek. 15,1too 12,000 14,200 2,200 3,4oo 1,200 

Sa1l1lllll R1 Ter 33,900 1T,6oo 33,4oo 15,800 16,300 500 

lll.lmco 8114 llacl!:ller17 creeks 4,100 2,100 2,100' 2,000 2,000 

Little m.u.co Creek 2,500 1,300 1,.300 1,200 1,200 

J'rlo Rf.Ter 65,000 4o,ooo 61.,500 21,500 25,000 3,500 

'l!llo Tri'butar:les 2,700 1,700 1,700 1,000 1,000 

Dr:r Frio Rf.wr 211000 17,100 25,4oo 8,300 9,900 1,6oo 

LeGZia Rf.wr 6,800 4,300 4,300 2,500 2,500 

Deep creek 3,500 2,200 2,200 1,300 1,300 

lfwtces RiTer 98,700 61.,4oo 9l,OOO(T) . 26,6oo(T) 3"-,300 3,4oo 

IDI1a.n creek 6,4oo 4,200 4,200 2,200 2,200 

Pour Tr:lbutar:los 1,700 5,000 5,000 2,700 2,700 

West lfwtces Rf.Ter ~ 16,000 H,6oo 10,6oo 13a800 ~ 

SUlii!OI!AL - lruecea Rf.wr Baa1n ~ m.a m.,aCT) gs.ooo(7) ~ ~ 

'lOIAL - l!libnlrda Jlesel"f''ir .Area 9'10,700 1123,200 546,100(7) 122,900(7) 412,300 155,500 

* The IU1DIIIIl. resources, recharge u runott ·(exclusive ot spr:lastJ.ov) at the lover ectse of the Edwards outcrop are aven~ges tor the por:lod 1935-56. 
·- The dra1J111811 area at lover qe c tb! lildvards outcrop, as illd1cated on plates 2 IUI4 3, appelld1x II. 
- Location ot dam sitos shovn on p}te 3 • • 

-Increase 1n rocbarp creditable 1iiiVIIst1pted reservoir project as shcnlu on plate 3 and 1n table 7.. . 

~e ereill s:iil.) . 
,0 

~ : Controlled 

514 301 

1,510 1,1125 

98 16 

258 238 

118 U8 

152 84 

630 61.3 

108 63 

136 95 

79 19 

89 59 

214 210 

26 

16 

432 391 

18 

140 UT 

35 

-18 

784 10'( 

51 

61.· 

905 700 

!
1~ Reduced by estilllllted nat illtlov c ~.900 ac-tth:r to Clopt1n C1"08B1118 Resel'V'Oir. 
2 :Reduced by est1mated nat illtlov ( l. 71,900 ac-tt]yr to Dell lo. 1 -~ Reservoir 878tem. 
3 UsiDg 16 SCS structures on SsJ.adcCreek. (1962 Work. Plan). 
4 Based OD ext:ra:polatioD ot data blolm J • VudertuJ.ip, "Surtace Rwlotf 'J!bat PaSSeS the Lover Base Of the Edvards Lf.lllelltODO Olltcrop Between the K'ueCeS Rf.Yer &114 

tho BI.IIDCO RiTer, n (lo release f~ irr:lptiOD) · 

l
5~ Does DOt 1DClu4o approx:l.at~ 4~00 ac-tt/yr cadltlled .1osa to evaporetion and uae tor irription. 
6 As8\1111118 11.0. uao tor irript1on. /oes DOt 1llclwle appraxiatol.T 13,000 ac-tt/yr lose to evaporation. 
T Does DOt :! .. elude 4,300 ac-tt/-rr msd) to be del1Tered to 4ovll.streaza areas. 

I 
I 
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TABLE 1 

PRELJMIRARY RESERVOIR JUSTIFICATION 

:DependOblo:Increased : 
: yield :resources : 

storage in 1,000 acre-teet : 1,000 : for : First Annual Benefits - $1,000 
50-year : :acre-feet : recharge : Cost charges : ; B/C 

Stream Site F.C. : v.c. Sed. : Total : l!!!r ~ear : ac-tt[-1:!, :~ 1000 $lzOOO F.C. v.c.(2): Total :ratio 

Interest rate: 3-1/~ - Amorti:atio~: 100 years. 

\lest llueces R1 ver 239-0(1) 12.0 25]..0 10,600 32,000 1,175.0 450.5 1£1.5 932-0 0.79 

llueces R1 ver V.ontoll 239-3(1) 1.0 12.0 252.3 4.3 26,6oo 30,916 1,149.4 453-5 1,118.8(3) 1,512·3 1.4 

Dr,y Frio River Davenport Hill 52-6(1) 2.9 55-5 8,300 12,000 443.0 20.0 300.0 320.0 ll-12 

Frio River Concan 141.2(1) 7.8 149.0 21,500 14,255 51;6.2 58.4 816.8 875-2 1.6 
H 

Sabinal River Sabinal 11 89.1(1) 4.2 93·3 15,8oo 12,799 1£3-3 45.5 6oo.l 645.6 1-3 I 

~ 
SabiDal. 12 TT.l8(1) 4.12 81.3 15,500 14,123 524.1 1;4.6 588.7 633·3 1.2 

Seco Creak Seco 11 22.9(1) 1.9 24.8 2,200 7,162 270.0 TO.O 96·3 166.3 0.62 

Seco /12 15.0(1) 1.3 16•3 1,300 7,442 279·7 42.5 58.4 100.9 0.)6 

Hondo Creek Hondo 33-8(1) 2.7 36-5 3,900 8,396 316.0 21.5 160.5 182.0 0.58 

Cibolo Creek Bat Cave 17.0(1) 3·0 20.0 4,4oo 10,813 )96.0 192.6 192.6 0.49 

Guadalupe River ecatort 163.7 4116.6 12.8 623.1 26.8 49,ol£ 1,832.1 38·3 2,o61.0 2,099-3 1.1 

Dlllll lfo. 1 64<>.5 17.5 658.0 46.4 38,169 1,409.0 1,617.0 1,617.0 1.1 

Bl.nnco River Cloptin Crossing lo4.8 274.8 9·2 388.8 44.2 19,180 732.6 613·3 653-0 1,266.3 1.7 

~M 
Used u Joint flood control ami vater coiUiervntion storage vith all releases ror recharge of the Edvardu Underground Reservoir. 

l:lll \later conservation benefits for recharge cCialpllted on basis or 13.6¢ per 1000 sallona or increased reaourcea. For conventioncl. vater supply 
.r:- atonse vater conservation benefita were based on COGt or c:hnpeat alternative swrce to supply the same depelldab1e yield • I (3) t-' Consists or $1.,0101 500 benefits tor recharge and $1o8,300 benefits tor dovnatreem vater supply. 
b. 
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SELECTION OF THE PLAN 

47. GENERAL.- On the basis of the foregoing preliminary studies 
the only projects that warranted more detailed studies are Montell; 
Sabinal (No. 1)~ Concan) Cloptin Crossing and Dam No. 1 Reservoirs. It 
vas found that the other :i.nvestigated projects would not develop 
sufficient benefits to justify their construction at this time or in. 
the foreseeable future. The following paragraphs describe the methods 
used in the economic anal~sis of the five projects found worthy of more 
detailed study. They will describe the methods used to compute benefits 
for the three recharge reservoirs, Montell, Concan, and Sabinal, based 
on the joint-storage plan (flood-control and recharge) and the benefits 
for the projects in the Guadalupe River Basin for flood control, 
conventional water supply, recreation, and fish a..11d wildlife. A S\llllll!8.l'Y 
of criteria for determinat:i.on of project costs is also presented. In 
addition to the benefit and cost data, results of the maximization of 
excess benefits studies and results of studies to determine the final 
selection of projects for the plan of improvement are presented in the 
following paragraphs. 

48. BENEFITS FOR RECHARGE.- From the preliminary studies it vas 
determined that the most favorable plan of operation for the recharge 
reservoirs inv·olved release of all inflows after each rain to enable 
the. development of maximum water resources a.t the dam sites with a 
minimum loss of the resources to evaporation. The only permanent 
storage that would be maintained in the three recharge reservoirs under 
consideration, Montell, Concan, and Sabinal, would be in the Montell 
Reservoir. In this project 2)1200 acre-feet of permanent storage would 
be maintained.to provide a firm yield of 4,300 ac.ft.Jyr. for a down
stream water supply. The 2,200 acre-feet ~rould consist of 1,000 acre
feet of conservation storage and 1,200 acre-feet of sediment reserve. 

49. To evaluate the effect of the recharge reservoirs on the 
yield of the \lllderground reservoir, hydrologic routings through the 
aquifer were made of water resources developed by the surface projects. 
Because of the severe water shortage in the Edwards Reservoir area, 
sUrface reservoir project sizes were used which wOuld develop maximum 
or near maximum water resources at the site and would control the 
flood of record. Hydrologic studi~s determined that reservoirs 
containing 50-year joint-3torage for flood control and recharge would 
contain the flood of record with no reservoir spill~ at Concan and 
Sabinal Reservoirs. The 50-year joint-storage would control the flood 
of record at Mantell Reservoir with discharges during passage of this 
flood of about 4,800 second-feet from the reservoir, a nond~.ng rate 
in the channel of the Nueces River. The flood of record on the Nueces 
River has a frequency of approximately once in 57 yeaz·s. Resources 
that could be developed by projects at the three sites containing the 
50-year ,j-::.i:atc storage were determined and used for routings through 
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the underground reservoir. This storage would develop a net increase 
in resources available for recharge of 26,6oo ac.tt./yr. at Mantell 
Reservoirj 21,500 ac.ft./yr. at Concan Reservoir; and 15,800 ac.ft.Jyr. 
at Sabinal Reservoir. 

50. Routings through the aquifer were made under existing and 
modified recharge conditions. The entire period of routing extended 
tz:om 1935 through 1962, but the portion of this routing used to .evaluate 
the effect of the recharge projects was limited to the _period 1935-1956 • 
. This period represents a cycle· from a period of high runoff 'through a 
period of critical. drought. A minimum control elevation of 612 feet · 
mal. of the water surface of the underground reservoir at San Antonio 
was used in the evaluation of· all recharge plans. · 

51. Because of the nature of the underground reservoir, the 
yield is realized through discharges from·both wells and springs. 
The major springs along the southern limits of the Balcones escarpment 
are natural. outlets for the Edwards Reservoir and are uncontrolled. 
Flow from these springs, however, is dependent on water levels in the 
underground reservoir. For the period of analysis, 1935-1956, the 
average annual. recharge Would be increased by the Montell, Concan, and . 
Sabinal Reservoirs by 63, 900 ac. ft./yr., tram 423, 200 to 487, 100 ac .tt. /yr. 
From the routings, as graphica.J.J.Y shown in figure 6,· the sate yield· 
tor pumping may be increased from 234,QOO ac.tt./yr. under existing 
recharge conditions to 263, 000 ac .tt. /yr. The remainder of the 
increased recharg~, 34,900 ac.ft./yr. wquld be discharged from the 
aquifer principally through the major springs. Approximately 4,000 
acre-feet per year of this additional springtlow would be discharged 
from leona Springs. in the Nuece s R1 ver Basin P 13, 300 ac. ft • /yr. from 
San Antonio. and San Pedro Springs ;ln the San Antonio River Basin, and 
17,6o0 ac.ft./yr. from Hueco, Comal, and San Marcos Springs in the 
Guadalupe River Basin. 

52. As described in its·report, attached to this appendix, the 
Public Health Service evaluated both the quantity of water available 
for pumping and t~e. increased springtlow. Based on the evaluations, 
it vas determined that the most reasonable alternative project for the 
recharge reservoirs was Cuero Reservoir on the Guadalupe River. The 
recharge benefits were evaluated as being equal. to the cost of 
delivered water from the al.ternative source, taking into account the 
differential costs of pumping and treatment. Credit was taken only . 
for the increase in pumping and springflow attributable to the 
recharge projects. The computed values, or unit benefits, for the 
additional water available for pumping and the additional springtlow 
are as follows: 
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a. Increase in yield ava:i.lable 
for pumping, ¢/1,000 gallons 

b. Increase in spring:f'low, ¢/1, 000 gallons: 

(1) leona Springs 

(2) San Antonio and San Pedro Springs 

(3) Hueco, Comal, and San Marcos Springs 

c. Electrical energy saved due to reducc~d 
pumping head, $/kilowatt-hour 

Unit 
benefit 

2.0 

16.0 

1·3 

.006 

The method of computing the unit benefits is described in the Public 
Health Service report. The benefits thus determined were prorated to 
the three recharge reservoirs according to the project's individual 
contribution to the total increase in average annual recharge. 

53· For maximization studies to determine the most economical 
project size, estimates o:f' costs and benefits were ma.de on a smaller 
size project at each of the recharge reservoir sites to control a 
flood of 35-year frequency and a larger size project to control a 
flood of 75-year frequency. The recharge benefits were computed based 
on the resources developed by these storages. 

54. BENEFITS FOR CONVENTIONAL WATER SUPPLY.- Preliminary investi
gations and studies indicate that construction o:f' three reservoirs to 
provide conservation storage for purposes other than recharge could be 
justified. The projects are Mantell, Cloptin Crossing and Dam No. 1· 
The Public Health Se~r.ice has determined, after investigation of 
various possibilities) ~at single-purpose water supply reservoirs at 
the three sites would be the most reasonable alternat.ives to the three 
projects under consideration. The yield of the single-purpose projects 
vould be the same as the yield :f'rom conservation storage to be provided 
f'or municipal and i.ndustrial ·.mter supply purposes in the projects under 
consideration. The estj~ted cost of' the alternative projects was based 
on non-Federal financing and interest rates for publicly-owned projects. 

55· ·BENEFITS FOR REDUCTION IN FLOOD DAMAGES.- The average annual 
benefits for flood damage reduction accruing to the various projects 
were determined by use of' discharge-damage and discharge-frequency 
relationships. The flood-control benef'its assigned to each investigated 
project were based on the reduction of average annual damages in the 
flood-plain area downstream !'rom the project. Flood-control benefits 
were computed for each investigated project for a range of f'lood 
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frequencies including 35-year, 50-year, 75-year and, in some instances, 
lOa·year and 100-year frequencies. Studies made in connection with the 
dete~nation of flood-control benefits for Cloptin Crossing Beservoir 
on the Blanco River assumed Cuero Beservoir (stage II} to be an exist
ing project. Under this condition, flood-control storages in Cloptin 
Crossing of 50-year frequency or less provided benefits only to the area 
between Cloptin Crossing and Cuero Reservoirs; however, for flood-control 
storages in excess of 50-year frequency, benefits could be claimed for 
additional protection afforded to areas below Cuero Beservoir. In 
addition, the provision of flood-control storage in Cloptin Crossing 
Reservoir would result in a reduction in flood-control storage require
ments in Cuero Reservoir. Therefore, the benefits resulting from this 
reduction were credited to Cloptin Crossing Reservoir. The benefits 
creditable to the projects for reduction in flood damages have been 
increased by an allcmance to reflect the economic trends and future 
development anticipated in the flood plain during the period 1975 to 
2075. Benefits vhich would be expected to accrue from the recommended 
projects have been estimated on the basis of a useful project life of 
100 years. Those benefits. which are expected to accrue from future 
flood-plain development have been reduced to an average annual equiva
lent value by compound interest methods. Determination of the average 
annual damages and benefits creditable to the investigated projects are 
fully described in Appendix IV, Flood Control Economics. 

56. BENEFITS FOR RECREATION.- The general recreation and fish 
and wildlife benefits assigned to the projects investigated were based 
on the average annual Visitation expected at each reservoir. Recrea
tion visitations were apportioned to fish and wildlife recreation and 
to general recreation on a 35-65 percentage basis, respectively. The 
fish and wildlife recreation visitation was estimated to consist of 1.0 
percent hunters and 99.0 percent fishermen. Benefits for every type of 
recreation were based on an initial value of $0.50 per visitor day. For 
the number of visitors estimated to participate in hunting and fishing 
an additional m1it value of $1.00 per hunter and $0.50 per fisherman was 
applied. A discussion of the recreation potential of projects investi
gated in the Edwards Beservoir area and a determination of recreation 
benefits creditable to the projects are presf;!nte~ in Appendix VI, 
Recreation and Fish and Wildlife. 

57. COSTS.- The estimates of first cost include all initial 
expenditures for physical construction of the project, lands and damages, 
relocations, reservoir clearing, engineering and design, and supervision 
and administration. The annual charges for the projects include interest 
and amortization of investments at an interest rate of 3-1/8 percent for 
a 100-year period of amortization, operation and maintenance costs and 
annual equivalent costs of major replacements. The first costs and 
annual charges were based on July 1964 price levels • 
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58. INDIVIDUAL PROJECT STUDIES.- With the probable elements of 
the plan of improvement having been selected on the basis of the 
preliminary studies, fUrther analysis of each of these projects was 
made to determine its most economical size, the purposes to be included, 
and the justification of each increment. The basis of these studies 
were cost-capacity curves deter.mined from preliminary design and cost 
estimates for various size projects covering the probable range in 
storage at each site. Also, benefit-capacity curves for flood control 
and water supply were determined for the same range in storage covered 
by the cost-capacity curves. The benefits for flood control and 
water supply were computed for the various sizes as discussed in para
graphs 48 to 55. By use of these curves the flood-control and water 
supply storages that would return the maximum excess benefits for each 
project were deter.mined. The following paragraphs a and b discuss the 
studies undertaken for each project under more detailed consideration. 

a. Recharge projects.- It has been determined that the 
most economical method of operation, with respect to water resources, 
of this type project is to release the water to the underground reser
voir as rapidly as possible immediately following each rain. The 
storage space in a reservoir operated in this manner serves both the 
flood-control and water supply purposes jointly. The projects under 
study for recharge of the Edwards Underground Reservoir include Mantell, 
Concan, and Sabinal Reservoirs. The benefit-capacity curves used in 
the project maximization studies of these reservoirs include the 
combined benefits for flood control and water supply. 

(1) Mantell Reservoir.- As previously determined, 
Mantell Reservoir should contain sufficient storage to develop a 
dependable yield of 4,300 acre-feet per year for downstream use. The 
remaining storage space would be for joint use for flood control and 
recharge purposes. The principal benefits that can be realized by the 
construction of this project are from increasing the available water 
resources and from the reduction in flood damages downstream. The 
maximization studies indicated that a reservoir of sufficient size to 
increase the net resources by about 30,900 acre-feet would return the 
maximum excess benefits, as shown in figure 7· This size project 
would provide a net increase of 26,600 acre-feet annually to the 
Edwards Underground Reservoir and a dependable yield of 4,300 acre
feet for downstream use. 

(a) The joint use of storage space in thi.s reser
voir is sufficient to control a flood of 50-year frequency at this 
site and to withhold releases for two days. The maximum watershed 
resources that could be developed would yield 31,200 acre-feet.· To 
extend the project to this size would result in a reduction in 
excess benefits of about $54,000 or 9.8 percent. Extending the 
project is not considered warranted because of the loss in excess 
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benefits for such a small increase in yield. The reservoir of the 
selected size would have a total controlled storage of 252,300 acre
feet,of which 12,000 acre-feet would be for 100-year sediment 
accumulation, 1,000 acre-feet for dependable yield, and 239,300 
acre-feet for joint use for flood-control and recharge purposes. 

(b) In addition to the flood-control and water 
supply features sufficient facilities would be added to develop the 
recreational potentialities of the project. Paragraph 66 and 
appendix VI discuss the recreational aspects of the project. Also, 
the addition of the channel dam and pipeline for water supply to 
downstream areas is included as a project feature as discussed in 
paragraph 63. 

(2) Concan Reservoir.- The principal benefits that 
can be realized by the construction of this reservoir are from 
increasing the water recharge to the Edwards Underground Reservoir. 
Under the method of operation of this type reservoir, benefits for 
flood prevention will also be realized; however, in this area they 
would be relatively small. The maximization studies involving the 
joint-storage operation indicated that a reservoir of sufficient size 
to increase the net recharge by about 21,100 acre-feet would return 
the maximum excess benefits, as shown in figure 8. This size project. 
would also be adequate to control the flood of record at this site. 
The total increase in watershed resources that could be realized at 
this site is about 21,500 acre-feet. To extend the project to realize 
the full watershed resources would reduce the excess benefits by only 
$2,000, or a reduction of 0.6 percent of the maximum excess benefits 
of $331,000. Since the reduction in excess benefits would be 
insignificant, it is considered that extension of the project to 
develop the yield of 21,500 acre-feet would be in the best interest 
of developing the basin resources to the fullest. 

(a) The proposed project will control floods of 
50-year frequency at the site. The reservoir would have a total 
controlled storage of 149,000 acre-feet, of which 7,800 acre-feet 
would be for 100-year sediment accumulation and 141,200 acre-feet 
for joint use for flood-control and recharge purposes. Sufficient 
storage is included to withhold releases for two days. 

(b) In addition to the flood control and water 
recharge features of the project, sufficient facilities would be 
added to develop the recreational potentialities of the project. 
Paragraph 70 and appendix VI discuss the recreational aspects of 
this project. 

(3) Sabinal Reservoir.- Like Concan Reservoir, the 
principal benefits that can be realized by the construction of 
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Sabinal Reservoir are £rom increasing the water recharge to the Edwards 
Underground Reservoir. The flood control benefits that can be realized 
from the joint operation of the storage space are relatively smalL The 
maximization studies involving the joint-storage operation indicate that 
a reservoir of sufficient size to increase the net recharge by about 
15,800 acre-feet, the full watershed resources at this site, would return· 
the maximum excess benefits, as shown in figure 9· 

(a) The proposed project would control the hypo
thetical 50-year flood. The reservoir would have a total storage 
capacity of 93,300 acre-feet, o£ which 4,200 acre-feet would be for 100-
year sediment accumulation and 89,100 acre-feet would be for joint use 
£or flood control and recharge purposes. Sufficient storage is included 
to permit withholding releases £or two days. 

(b) In addition to the flood control and recharge 
features, sufficient facilities would be added to develop the recreational 
potentialities of the project. Paragraph 74 and appendi.x VI discuss the 
recreational aspects of the project. 

b. Conventional surface storage reservoj.rs.- Since the Blanco 
and Guadalupe Rivers are not major contributors to the Edwards Underground 
Reservoir, the projects at the Cloptin Crossing and Dam No. 7 dtes 
were investigated as conventional surface storage reservoirs for water 
supply and flood control purposes. 

(1) Cloptin Crossing Reservoir.- It was determined that 
a reservoir at the Cloptin Crossing site would be very effective in 
reducing flood damages along the Blanco River, particularly in the San 
Marcos area. In determining the flood-control benefits :for this project 
it was assumed that the proposed CUero Reservoir was in operation. The 
benefits to water supply and flood control that would be creditable 
to this project are about equal. By means of the cost-capacity and 
benefit-capacity curves for this project it was determined that the 
maximum excess benefits will be realized from a project having a total 
storage of 305,000 acre-feet (see figure 10), of which 100,300 acre-feet 
would be for water supply; 115,000 acre-feet for flood control; and the 
remainder for sediment accumulation. This water supply storage will 
develop a dependable yield of 36,200 acre-feet per year, and the flood 
control storage will control a flood of 75-year frequency, wnich is 
greater than the flood of record. The total watershed resources that 
could be developed would yield 42,700 acre-feet per year. It is 
considered in the best interest of the area to extend the project to 
develop the full watershed resources. In doing so, the maximum excess 
bene:f'its would be reduced about$34,600 or by 5.8 percent, which is 
relatively insignificant. 
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(a) The proposed reservoir would have a total. 
storage of 404,000 acre-feet, of WhiCh 274,900 acre-feet would be 
tor water conservation; 119,900 acre-feet for flood control; and 
9,200 acre-feet f9r 100-year sediment accumulation. 

(b) In addition to the flood control and water 
conservation features of the reservoir, ~ficient .facilities would 
be added to develop the recreational. potential.ities of the project. 
Paragraph 78 .and appendix VI discuss the recreational aspects of the 
project. 

(2) Dam No. 1 Reservoir.- Because of the severe water 
shortage indicated tor the future in the EdWards Reservoir area, a 
project at the Dam No. 1 site was investigated to develop to the fullest 

. extent feasible the water resources of the· Guadal.upe River upstream 
trom Canyon Reservoir. Since provision of flood-control storage in the 
Dam No. 1 project could not be justified and the project is proposed for 
local interest development, no maximization studie~ were made on this 
reservoir project. 

. 59. ECONOMIC JUSTIFICA!I.'ION.- Tests were made to determine that 
each .project purpose or joint-purpose of the investigated reservoir · 
projects was incfementally justified,· or that the benefits afforded by 
the added purpose exceeded the incremental annual costs of adding that 
purpose. The results of these tests are presented in table 8. Te.sts 
were also made to assure that the reservoir projects were justif'ied as 
a unit or element in the plan as a last added project. Final justifica
tion analysis was made on the basis of assigning fair share benefits to· 
the 'individual proJects •. The results of the last added and fair share 
benefit .. tests are shown in. the following ~bulation: 

.lAST ADDED AND FAIR' SHARE BENEFITS. 

(In thousand dollars) 

Reservoir Annual :last added Fair share 
project charges· : benefits B/C benefits B/C 

Mantell 1,237·5 1,804.9 1.5 1,802.4 1.5 
Concan 599·5 889.8 1.5 889.6 1.5 
Sabinal· 440o6 661.4 1.5 659·9 1.5 
Cloptin Crossing 1.,035·7 2, 597-8 2·5 2,597-8 2.5 

Table 9 shows a sllDIIIlB.ry of the justification of all elements of the plan 
recommended for authorization in this report. 
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~ 
TABLE 8 

INCREMENTAL JUSTIFICATION 

(In thousand dollars) 

. Annual : Annual . 
Item : benefits charges B/C 

MONTELL RESERVOIR 

Water conservation only 88.3 97·2 0.91 
Joint-use flood control-recharge added 1,612.6 l,ll4.3 1.4 

Triple-purpose w.c. and F.C.-recharge 1,700.9 1,211.5 1.4 
Recreation added 101.5 26.0 3·9 

Multiple-purpose w.c., F.C.-recharge, 
and recreation 1,8o2.4 1,237·5 1.5 

Joint-use flood control-recharge 1,612.6 1,165·5 1.4 
Water conservation added 88.3 46.0 1.9 

Triple-purpose F.C.-recharge and W.C. 1,700.9 1,211.5 1.4 
Recreation added 101.5 26.0 3·9 

Multiple-purpose F.C.-recharge, w.c., 
Recreation 1,8o2.4 1,237·5 1.5 

CONCAN RESERVOIR 

Joint-use project F.C.-recharge 876.1 592.2 1.5 
Recreation added 13·5 7·3 1.8 

MUltiple-purpose F.C.-recharge and 
recreation 889.6 599·5 1.5 

SABINAL RESERVOIR 

Joint-use project F.C.-recharge 646.4 433·3 1.5 
Recreation added 13-5 7·3 1.8 

Multiple-purpose F.C.-recharge and 
recreation 659·9 440.6 1.5 

CLOPriN CROSSING RESERVOIR 

Flood control only 659·0 504.8 1.3 
Water conservation added 653·0 318.8 2.0 

Dual-purpose F .c. and W .c. 1,312.0 823.6 1.6 

Water conservation only 653·0 645.0 1.0 
Flood control added 659·0 178.6 3·7 

Dual-purpose W .c. and F .c. 1,312.0 823.6 1.6 
Recreation added 1,285.8 2l2.1 6.1 

Multiple-purpose w.c., F.c., and 2,597.8 1,035·7 2.5 
recreation 
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TABLE 9 

FIRST COOTS, ANNUAL CHARGES, ANNUAL BENEFITS, AND BENEFIT-COOT RATIO 
PROPOOED PROJECTS 

FIRST COSTS 

ANNUAL CHARGES 

ANNUAL BENEFITS 
Flood control 
Water supply 
Recreation 

BENEFIT-COST RATIO 

EIMAROO UNDERGROUND RESERVOIR AREA 
(July 1964 price level) 

(Interest r~te 3-1/~ - Amortization, 100 years) 
(In thousand dollars) 

Clop tin 
Montell Concan Sabinal Crossing 

32,545.0(1) 15,650.0 11,413.0 24,440.0 , 
1,237-5(2) 599·5 440.6 1,035·7 

1,802.4 889.6 659·9 2,597.8 
(6o2.1) (59-3) (46.3) (659.0) 

(1,098.8) (816.8) (6oO.l) (653-0) 
(101.5) (13-5) (13-5) (1,285.8) 

1.5 1.5 1-5 2-5 

(1) Includes $900,000 estimated first cost a£ channel dam and pipeline. 

(2) Includes $46,000 for annual charges for channel dam and pipeline. 

Totals 

84,048.0 

3,313·3 

5,949-7 
(1,366.7) 
(3,168.7) 
(1,414.3) 

1.8 
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PROPOSED PROJECTS 

60. GENERAL.- To provide controlled recharge storage for the under
ground reservoir and additional water supply facilities for all useful 
purposes for the people of the Edwards Reservoir area, and to provide 
flood protection to the downstream areas of the Guadalupe and Nueces 
River Basins, the following plan of development is proposed: 

a. For authorization and construction by the Federal Government.-

(!) Montell Reservoir, including a channel dam and pipe
line in lieu of Tom Nunn Hill Reservoir, on the Nueces River for flood 
control, recharge, additional water supply for downstream areas of the 
Nueces River Basin, and for recreation and fish and wildlife purposes. 

(2) Concan Reservoir on the Frio River for flood control, 
recharge and recreation. 

(3) Sabinal Reservoir on the Sabinal River for flood 
control, recharge and recreation. 

(4) Cloptin Crossing Reservoir on the Blanco River for 
flood control, water conservation, and for recreation and fish and wild
life purposes. 

b. For construction by local interests.- Dam No. 7 ReservoiT 
on the Guadalupe River for water conservation. 

61. The following paragraphs describe in more detail elements of 
the proposed plan. The general location of the projects is shown on 
plate 4. Pertinent data concerning the earth and rock-fill embankments, 
outlet works, spillw~s, reservoir storages, land requirements, 
relocations, and design floods for the projects recommended for authori
zation and construction by the Federal Government are presented in 
table 10. 

62. MONTELL RESERVOm.- The proposed Montell Dam would be con
structed at river mile 401.6 on the Nueces River, about 20 miles north
west of Uvalde. The structure would consist of an earth and rock-fill 
dam with an outlet works and an uncontrolled spillw~. The reservoir 
would have a total controlled storage of 252,300 acre-feet, consisting 
of 239,300 acre-feet of joint-storage for 50-year flood control and 
recharge, 1,000 acre-feet of conservation storage for water supply, 
and 12,000 acre-feet of storage for sediment reserve. A small permanent 
pool of 2,200 acre-feet, consisting of 1,000 acre-feet of conservation 
storage and 1,200 acre-feet of sediment reserve, would be maintained 
to provide a dependable yield of 4,300 acre-feet per year (4 million 
gallons per day). Water in the permanent pool would be confined mostly 
within the channel of the Nueces River. The joint-storage provided in 
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the project would increase the average annual recharge to the under
ground reservoir by about 26,600 acre-feet. 

63. In addition to the Mbntell Dam and Reservoir, a law channel 
d.am would be constructed at about river mile 387, about 14 miles 
downstream from the reservoir. From the channel dam a gate-controlled 
24-inch pipeline would be constructed to extend downstream across the 
"loss zone" on the Nueces River, a distance of about 8.5 miles to the 
vicinity of Tom Nunn Hill, about river mile 376~5. The pipeline 
would transport 4,300 acre--teet iier year ·{4 mSd) ·by gravity flow to the 
area. 

64. The 1,000 acre-feet of conservation storage in Mbntell 
Reservoir along with the channel dam and pipeline facilities would 
provide the equivalent dependable yield of the Tom Nunn Hill Reser
voir, a project proposed in the master plan of the Nueces River 
Conservation and Reclamation District. The proposed Montell Dam would 
be constructed upstream of the major zone of faulting in the Ba.lcones 
fault system. Foundation conditions at the site are structurally 
satisfactory for the proposed project. The Glen Rose formation is 
exposed in the valley walls and is bedrock in the valley. No 
appreciable stream losses have.been reported upstream from the site; 
however, several small faults or fracture zones exist in the reser
voir area and some minor leakage is anticipated. Although five 
minor faults have been mapped in the reservoir area, none of these 
faults cross the dam site. 

65. The plan of operation adopted for the project provides for 
the release of all inflows after each rain, with exception of that 
required to maintain the small permanent pool. The maximum rate of 
release would be approximately ~,coo second-feet, the estimated 
infiltration rate of the stream in the Edwards outcrop area. The 
storage required to control the 50-year flood has been increased 
slightly to allow for the withholding of releases for two days. It 
is anticipated that the withholding period would allow a greater 
percentage of runoff from the uncontrolled area to infiltrate into 
the aquifer before regulated releases are commenced. 

66. Recreation development is proposed for the Montell project 
at two separate areas, at the dam and reservoir and at the channel 
dam 14 miles downstream. The facilities at the reservoir would 
include overlook facilities; park and picnic areas, an access road 
to the water and a boat ramp •. In the vicinity of the channel dam, 
an area known as Chalk Bluff,. additional overlook facilities, park 
and picnic areas, an access road and foot trails to the river are 
proposed. Water for the pipeline to the Tom Nunn Hill area would 
be ponded behind this channel dam. Additional water released 
from the Montell Reservoir would flow over :the channel dam and recharge 
the underground aquifer in the Edwards outcrop ·area downstream rrom 
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the channel dam. The flow at the channel dam would range from 6 to 
1,000 second-feet with flows in excess of 6 second-feet occurring 
about 99 percent of the time. The recharge operation of the project 
and the constant flow of the stream would provide a scenic attraction 
for sightseers, campers, and fishermen. A further analysis of 
this water resource development with its recreational attraction 
is contained in paragraph 91 of this report and in Appendix VI, 
Recreation and Fish and Wildlife. A summary of the estimated first 
costs and annual charges for the proposed Mbntell Reservoir, channel 
dam and pipeline are presented in table 11 and a reservoir map and 
design details of the dam and appurtenant works are shown on plates 
6 and 7. The detailed estimates of first costs are presented as an 
attachment to this appendix. 

67. CONCAN RESERVOIR.- The Concan Reservoir is proposed for con
struction by the Federal Government at river mile 226.2 on the Frio 
River to provide joint-storage for 50-year flood control and recharge 
of the Edwards Underground Reservoir. The total controlled storage 
proposed for this project is 149,000 acre-feet, which includes 7,8oo 
acre-feet of reserve storage for 100-year sedimentation. Provision 
of 141,200 acre-feet of joint-storage in the reservoir would contain 
the flood of record on this stream. This storage would also develop 
the maximum water resources of the stream above the dam site. 

68. The structure would consist of an earth and rock-fill dam 
with an uncontrolled spill"Wey" and an outlet works through the dam. 
Foundation conditions at the site are structurally satisfactory for 
the proposed structure. The Glen Rose formation comprises the bed
rock in the valley section and left abutment; however, due to fault
ing which has lowered the right abutment relative to the left 
abutment, the Glen Rose, Comanche Peak, and Edwards limestones out
crop below the top of dam elevation and comprise the right abutment. 
Foundation exploration and geologic mapping did not reveal any 
unusual leakage conditions although several minor faults were noted. 
Further investigations would be required to determine what influence:, 
if any, these faults would have on leakage from the proposed reser
voir. 

69. The plan of operation proposed for this project provides 
for release of all inflows after each rain. The rate of release 
have been tentatively planned at 750 second-feet, the estimated 
infiltration rate of the stream in the Edwards outcrop area. No 
permanent storage would be provided in the reservoir. The storage 
required for 50-year flood control has been increased slightly to 
permit two-day withholding before regulated releases would commence. 
Operation of the reservoir under this plan would increase the 
average annual recharge from this stream by approximately 21,500 
acre-feet. 
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TABLE ll 

SUMMARY OF FIRST COOT AND ANNUAL CHARGES 
PROPOSED MONTELL RESERVOIR 

NUECES RIVER 

Item 

FIRST COST 
First Cost: 
lands and damages (reservoir and recreation areas) 
Relocations 
Reservoir (clearing - reservoir and recreation areas) 
Dam: 

Embankment 
Spillway 
Outlet works 

Access roads 
Recreation facilities 
Buildings, grounds, and utili ties 
Permanent operating equipment 
Engineering and design 
Supervision and administration 

S\lbtotal estimated reservoir first cost 
Estimated first cost channel dam and pipeline 

Total estimated Federal first cost 

ANNUAL CHARGES 

(3-1/8% interest rate: 100-year amortization) 

Channel dam 
and pipeline Reservoir 

Construction period lyr 5yr 

Investment: 
First cost $900,000 $31,645,000 
Interest during construction 214I2 1000 

Total investment $900,000 $34,117,000 

Annual Charges: 
Interest on investment ,$ 28,100 $1,066,200 
Amortization charge 1,300 51,500 
Operation, maintenance 

and replacement 16,600 73,8o0 

Total annual charges $46,000 $1,191,500 

Preauthorization cost {not included in first cost) 

I-97 

Costs 

$ 1,492,500 
1,752,000 

53,000 

6,112,000 
15,529,000 

2,268,000 
Bo,ooo 

225,500 
268,000 
100,000 

2,050,000 
1,715,000 

$31,645,000 
900,000 

Total 
project 

$32,545,000 
2,472,000 

$35,017,000 

$1,094,300 
52,800 

90,4oo 

$1,237,500 

$50,000 
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70. Although no permanent pool would be maintained at the Concan 
project, some recreation development has been included as a part of the 
project. The Frio River is a perennial stream and will have flow most 
of the time, except during infrequent periods of severe drought. For 
the 39-year period prior to 1963 the average flow of the stream in this 
area was 96 second-feet. Only during the critical drought, 1947-56, the 
Frio River in this area had no recorded flow for about five months. In 
addition, large quantities of floodwater would be stored in the reser
voir for considerable periods of time. The release of these floodwaters 
to recharge the underground reservoir would provide a scenic attraction 
to sightseers. For these reasons sufficient overlook, park and picnic 
facilities for the general public are proposed for inclusion in the 
project. A summary of the estimated first cost and annual charges for 
the proposed Concan Reservoir is presented in table 12 and a reservoir 
map and design details of the dam and appurtenant works are shown on 
plates 8 and 9, respectively. The detailed estimate of first cost 
is presented as an attachment to this appendix. 

71. SABINAL RESERVOIR.- The Sabinal Dam and Reservoir is 
proposed for Federal construction at river mile 42.3 on the Sabinal 
River. The proposed location is just inside the upstream limits of 
the Edwards outcrop in the Ba.lcones fault zone. The reservoir would 
contain 89,100 acre-feet of joint-storage for 50-year flood control 
and recharge and 4,200 acre-feet of reserve storage for 100-year sedi
mentation. The joint-storage would be sufficient to control the flood 
of record on this stream without spills. This storage would also 
develop the maximum water resources of the stream above the dam site 
and would contribute 15,800 acre-feet per year of additional recharge 
to the Edwards aquifer. 

72. The structure would consist of an earth and rock-fill dam 
with a gated spillway in the river channel controlled by six 4o' x 
30' tainter gates. The structure would be founded on the Edwards 
limestone, which is considered to be satisfactory for foundation 
requirements. leakage along joint systems, similar to that at 
Medina Dam, is expected but should present no problem in construc
tion or stability of the structure. 

73· No permanent pool would be maintained in the Sabinal 
Reservoir. All inflows would be released after each rain at a rate 
tentatively established at 500 second-feet, the estimated infiltra
tion rate of the streambed in the Edwards outcrop area. The storage 
required for 50-year flood control has been increased slightly to 
permit two-day withholding before regulated releases would commence. 

74. Although no permanent storage would be maintained in the 
reservoir, some recreation development has been included in the 
proposed plan for the project. Approximately 25 percent of the time 
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TABLE 12 

SUMM\RY OF FIRST COST AND ANNUAL CHARGES 
PROPOSED CONCAN RESERVOIR 

Item 

First Cost: 
lands and damages 
Relocations 
Reservoir (clearing) 
Dam 

Embankment 
Spillway 
Outlet works 

Access roads 
Recreation facilities 

FRIO RIVER 

FIRST COST 

Buildings 1 grounds 1 and utili ties 
Permanent operating equipment 
Engineering and design 
Supervision and administration 

Tbtal estimated first cost 

ANNUAL CHARGES 

(3-1/&f, interest rate: 100-year amortization) 

Construction period 

Investment: 
First cost 
Interest during construction 

'lbtal investment 

Annual Charges: 
Interest on investment 
Amortization charge 
Operation, maintenance and replacements 

Tbtal annual charges 

P.reauthorization cost (not 
included in first cost) 

I-105 

Costs 

$ 2,157,000 
569,000 

31000 

6,292,000 
2,426,000 
119121000 

95,000 
571000 

2591000 
301000 

11015,000 
775,000 

$15,650,000 

4yr 

$151650,000 
978,000 

$16,6281000 

519,600 
251100 
54,800 

$ 5991500 

$40,000 

R 4-1-65 
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the Sabinal River will not nave flow a~ the dam site even though during 
the 20-year period of record prior to 1963 the average rate of flow of 
the stream in this area was 37 cubic-feet per second. The greatest 
attraction to the public, howeve~would occur at times when large 
quantities of floodwater have been stored in the reservoir and are being 
released to recharge the underground aquifer in the immediate proxim1ty 
of the dam. Because of the anticipated interest of the general public 
in the flood-control and recharge operations of the project, suff1cient 
overlook, park and picnic areas for the public are proposed. 

75. A summary of the estimated first costs and annual charges for 
the proposed Sabinal Reservoir is presented in table 13 and a reservoir 
map and design details of the dam and appurtenant works are shown on 
plates 10 and 11, respectively. T:.'le detailed estimate of first cost. is 
presented as an attachment to this appendix. 

76. CLOPTIN CROSSING RESERVOIR.- A multiple-purpose reservoir 
for flood control, water conservation, and recreation and fish and 
wildlife is proposed for Federal construction on the Blanco River at 
the Cloptin Crossing site, river mile 32.5. The project wo~ld contain 
ll9,900 acre-feet of flood control storage, 274,900 acre-feet of "W-ater 
conservation storage, a~d 9,200 acre-feet of storage for sediment 
accumulation. It has been found that providing 75-year frequency flooi 
control in the Cloptin Crossing Reservoir would produce the greatest 
excess benefits over costs iu reducing flood damages downstream and 
this amount of flood-control storage is included in the proposed project. 
The provision of 274,900 acre-feet of conservation storage in the Cloptin 
Crossing Reservoir would fully develop the resources of the Blanco RJver 
watershed upstream from the dam site and would provide a dependable yield 
of 38 million gallons per day (42,700 acre-feet per year). 

77. The structure proposed for the Cloptin Crossing Dam would 
consis~ of an earth and rock-fill embankment, an outlet works through 
the dam and an uncontrolled spillway. 'I·he dam would be founded on the 
upper member of the Glen Rose limestone and the reservoir s~orage woula 
be confined in the upper a~d lower members of the formation. Rock at the 
site is a suitable foundation for the proposed structure. Hydrs.ul.ic 
pressure tests in the borings along the dam axis indicated that leakage 
through the bedrock would be insignificant. Geologic mapping in the 
reservoir area did not reveal any unusual leakage conditions. Field 
investigations indicated that some of the streamflow would be lost in 
the upper limits of the reservoir; however, seepage measurements show 
that the water would be regained further downstream before reachi.ng the 
dam site. 

78. Full development of basic recreation facilities would be 
accomplished at this project. The facilities would include additional 
lands, parking areas, access roads, boat ramps, and picnic areas. 
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TABlE 13 

SUMM\RY OF FIRST COST AND ANNUAL CHARGES 
PROPOSED SABINAL RESERVOIR 

SABINAL RIVER 

Item 

FIRST COST 

First Cost: 
lands and damages 
Relocations 
Reservoir (clearing) 
I8m 

Dnbankment 
Concrete dam and spillway 

Access roads 
Recreation facilities 
Buildings 1 grounds, and utili ties 
Permanent operating equipment 
Engineering and design 
Supervision and administration 

Tbtal estimated first cost 

ANNUAL CHARGES 

(3-l/8'f, interest rate: 100-year amortization) 

Construction period 

Investment: 
First cost 
Interest during construction 

Tbtal investment 

Annual Charges: 
Interest on investment 
Amortization charges 
Operation, ma.in.tena.nce, and replacement 

Tbtal annual charges 

P.reauthorization cost (not 
included in first cost) 

I-113 

. 
' . Costs 

\, 

$ l,o89,000 
673,000 

3,000 _.-:::::-

1,573,000 ;> 
~,377,000/ 
/ 26,ogo 

1
/ 57;0'00 

185,000 
30,000 

810,000 
590,000 

$11,413,000 

3yr 

$11,413,000 
535,000 

$11,948,000 

373,400 
18,000 
49,200 

$ 440,600 

$35,000 
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79· A summary of the estimated first cost and annual charges 
for the recommended project is presented in table 14, and a reser
voir map and design details of the dam and appurtenant works are 
shown on plates 12 and 13, respectively. The detailed estimate of 
first cost is presented as an attachment to this appendix. 

80. DAM NO. 7 RESERVOIR.- The Dam No. 7 Reservoir is 
proposed for construction by local interests at river mile 351.3 
on the Guadalupe River, the site proposed by the Guadalupe-Blanco 
River Authority. The project would operate in conjunction with 
Canyon Reservoir to develop the resources above Canyon Dam to the 
fullest extent feasible. The provision of 640,500 acre-feet of 
conservation storage in Dam No. 7 Reservoir would produce a 
dependable yield for the Canyon-Dam No. 7 system of 127 million 
gallons per day (142,700 acre-feet per year). This is an increase 
of 41 mgd (46,400 acre-feet per year) over that yield determined 
for the Canyon Reservoir without upstream development. Since the 
Canyon Dam, 48 miles downstream, has been designed to control all 
floods of record originating above this project, additional flood 
storage in Dam No. 7 Reservoir could not be justified. 

81. The structure investigated for the Dam No. 7 site was 
an earth and rock-fill embankment with an uncontrolled spillway 
and an outlet works through the dam. Detailed geologic investi
gations of the dam site were not conducted by the Corps of 
Engineers; however, a field reconnaissance of the dam site and 
reservoir area was made. The following conclusions concerning 
the geologic conditions to be expected at the Dam No. 7 site are 
based on the field reconnaissance and the geologic information 
contained in a preliminary report titled: 11 Proposed Guadalupe 
River Dams No. 7 and No. 8, 11 prepared by Forrest and Cotton, 
Consulting Engineers, for the Guadalupe-Blanco River Authority. 
The proposed Dam No. 7 Reservoir would be confined in the Lower 
Glen Rose limestone and Hensell sand formations, and the bedrock 
is felt to be a suitable foundation for the proposed structure. 
With provision of a reasonable amount of grouting, the structure 
foundation and abutment areas could be considered watertight, 
though some leakage from the reservoir area is expected due to the 
existing geologic conditions of the area. The Guadalupe River 
contributes little or no water to the recharge of the Edwards 
Underground Reservoir, and it is reasonable to expect that the 
major portion of the reservoir losses from the proposed project 
would be recovered in the Guadalupe River or its tributary 
streams upstream from Canyon Reservoir. 

82. The estimated first cost of a reservoir project at the 
Dam No. 7 site to provide the 640,500 acre-feet of conservation 
storage and 17,500 acre-feet of sediment storage would be approxi
mately $38,169,000. If recreation lands and facilities were 
provided at this project, the reservoir would attract approximately 
4,800,000 visitors annually. 

I-119 



TABU: 14 

SUMMARY OF FIRST COST AND ANNUAL CHARGES 
PROPOSED CLOPTIN CROSSING RESERVOIR 

BIANCO RIVER 

Item 

FIRST COST 

First Cost: 
Lands and damages (reservoir and 

recreation areas) 
Relocations 
Reservoir (clea.rin~ - reservoir and 

recreation a.rea.s) 
Da.m 

Embankment 
Spillway 
Outlet works 

Access roads 
Recreation facilities 
Buildings, grounds, and utili ties 
Permanent operating equipment 
Engineering and design 
Supervision and administration 

Tbtal estimated first cost 

ANNUAL CHARGES 

(3-1/~ interest rate - 100-yea.r amortization) 

Construction period 

Investment: 
First cost 
Interest during construction 

Total investment 

Annual Charges : 
Interest on investment 
Amortization charge 
Operation, maintenance, and replacement 

Total annual charges 

Prea.uthoriza.tion cost (not 
included in first cost) 

I-121 

Costs 

$ 2,526,000 
193,000 

327,000 

13,311,000 
1,220,)1000 
1,937,000 

13,000 
2,055,000 

215,000 
123,000 

1,390,000 
1,130,000 

$24,)1440,000 

4yr 

$24JI440JIOOO 
1,5282000 

$25,968,000 

811,500 
39,)1200 

185,000 

$ 1,035,700 

$55,000 
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PHYSICAL EFFECTS OF THE PLAN 

83. RECHARGE.- Construction of Montell, Concan, and Sabinal 
Reservoirs in the Nueces River Basin and operation of the projects as 
previously outlined will result in a net increase in recharge to the 
Edwards aquifer of 63,900 acre-feet per year (57 million gallons per 
day). The average annual recharge for the period 1935-56, 423,200 
acre-feet, would be increased by the projects to 487,100 acre-feet, 
as shown in table 15. 

84. YIELD OF THE AQUIFER.- The yield of the underground reser
voir cannot, over a long period of time, exceed the average annual 
recharge. Because of the nature of the aquifer, this yield is realized 
through discharges from both wells and springs. The major springs 
along the southern limits of the Balcones fault zone are natural out
lets for the Edwards Reservoir and are uncontrolled. Flow from these 
springs is dependent on the water levels in the underground reservoir. 

a. Increased pumping.- From hydrologic routings it was 
determined that the safe yield for pumping may be increased from 
234,000 to 263,000 acre-feet per year (235 million gallons per day) 
without depleting storage in the underground reservoir below elevation 
612 feet at San Antonio. This represents an increase of 29,000 acre
feet per year {26 mgd). 

(1) The computed safe yield for pumping under modified 
conditions of recharge, 263,000 acre-feet per year (235 mgd), 
represents an average during each year of the period 1935-56. If 
this yearly average is not exceeded this quantity of water vould be 
available during a recurrence of the critical drought as experienced 
during the period 1947-56, without depleting the reservoir below the 
historic low. In the absence of an alternative source of water supply 
this quantity should not be exceeded. 

(2) Provision of an alternative surface water supply, 
sufficient to meet the demands of the area during a critical drought, 
would enable greater quantities of water to be pumped from the 
aquifer during wet years and in the early years of a drought period. 
However, the water level in the underground reservoir would drop to 
the historic low a number of years prior to the end of the drought, 
the time depending on the extent of pumping and the existing climatic 
conditions. For the remaining years of the drought, the dependable 
yield of the underground reservoir would be only that inflow during 
the driest year, which in 1956 totaled 44,000 acre-feet. It is 
believed that if withdrawals exceed the small quantity of inflow 
expected during the drought that water levels in the aquifer would 
drop rapidly below the historic low and the danger of contamination 
of the fresh water source would be significantly increased. 

I-129 R 4-1-65 



(3) With an alternative source to provide a water supply 
for the critical drought period it is conceivable that the pumping 
during wet years could be substantially increased to utilize the fUll 
quantity of additional recharse provi~d by Mantell, Concan, and 
Sabinal Reservoirs, 63,900 acre-feet per year (57 million·gallons per 
day). '• . 

b. Increased springflow.- ·The remainder of the increased 
recharge, 34,900 acre-feet per year (31 mgd) under this plan of opera
tion would be discharsed from the aquifer principally through the 
major springs. Approximately 4,000 acre-feet per year of this addi
tional springflow would be discbarsed from Leona Springs in the Nueces 
River Basin, 13,300 acre-feet from San Antonio and San Pedro Springs 
in the San Antonio River Basin, and 17,600 acre-feet from Hueco, 
Comal, and San Marcos Springs in the Guadalupe River Basin. The total 
avera~ annual springflow for the.period 1935-56 was 352,4oo acre
feet. Under assumed conditions of constant pumping of 234,000 acre
feet per year during this same period, the average annual springflow 
would be about 292,900 acre-feet. With the recharge projects in opera
tion this quantity would be increased to 327,800 acre-feet. 

c. Water levels in the aquifer.- Water levels in the ·under
ground reservoir would be higher over the life of the recharge projects, 
particularly during periods when large volumes of water are induced 
into the aquifer. The water levels under modified recharge conditions 
vould range from 1 to 13 feet higher and vould average approximately 
tva feet higher over the period of routing 1935-56. 

85. DEPENDABLE WATER SUPPLY.- Three reservoir projects are 
proposed in the plan of improvement to provide conservation storase 
for purposes other than recharge. The projects are Mantell, Cloptin 
Crossing, and Dam No. 1· Mantell Reservoir would contain 1,000 acre
feet of conservation storage to supply 4,300 acre~feet per year to 
the Nueces River Conservation and Reclamation District. Construction 
of Cloptin Crossing and Dam No. 7 Reservoirs, as previously described, 
would provide a total of 915,4oO acre-feet of additional conservation 
storage in the Edwards area. Cloptin Crossing Reservoir vould fully 
develop the upstream resources of the Blanco River and provide a 
dependable yield of 38 million gallons per day (42, 700 acre-feet per 
year). Dam No. 7 Reservoir vould develop to the fullest extent 
feasible the resources of the Guadalupe River upstream from Canyon 
Dam. The Canyon-Dam No. 7 Reservoir system would have a dependable 
yield of 1.27 mgd (142,700 acre-feet per year). This is an increase 
of 41 mgd (46,4oo acre-feet per year) over the yield determined for 
the existing Canyon Reservoir without upstream development. Because 
of' the large and rapidly increasing water demands on the Edwards 
Underground Reservoir, these surface projects could supplement the 
ground-water supply and prevent its continued depletion if' area-wide 
agreement on development of water resources could be obtained. 
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TABLB 15 

PB!BICAL D'P1!m'S OF TliB PLAR 

r 
EJtil:lated averaso Blltbate4 ave!!le IUIDU8l. recllargo lac-tt I* . Averap Billiii81 l'IIDOft' at Dra1!!!!1e area** 
amual. resources : . :lover go of Bdvar4s outc:ropl: (sq. :mi.) 

abo"' lower o of Bld.st!D6 : Mod11'1od Increaao due to : Bxlatbg : Mod.1fted : : 
Btre!IIIIIIH mvarla Olltc ac-tt * ccmditiona : COII41tiona reaol"'Ii r ects : coD41t10DB : coD41tiODB : Total : Controlled 

IRJADALUPB RIVBR BASDI 

Blanco Rlver IUid adjacent area 99,500 25,4oo 25,4oo 0 74,100 24,200(1) 514 307 

Guaaal.UpO R:l. ver 21!0,000 0 0 0 21!0,000 74,100(2) 1,510 1,1125 

Dr,y CCiliBl. Creek ~ ~ ~ _o_ 8,4oo 8z4oo 98 

SUB.l'O.I!AL - 0\l&dal.upe Rl ver Basin 374,4oo 45,900 45,900 0 328,500 lo6,700 

8AB ARlOBIO RIVER BASDI 

Cibolo Creek 58,900 54,100 54,100 0 4,8oo 4,8oo 258 

Salado Creek 24,4oo 21,4oo 24,4oo(3) 3,000(3)' 3,000 0 118 118 

Loon and &m Oorommo Creeks 29,300 27,6oo 27,6oo 0 1,700 1,700 152 

Med:l.na Rlver ~ ~ ll2z72Q __ o 6 14oo(4) 6 14oo(4) 630 613 

SUMOrAL - San Antonio Rlver Basin 2o6,900 145,8oo llt8,8oo 3,000(3) 15,900 12,900 

BUBCIS RIVER BASDI 

Verde Creek 18,700 14,6oo 14,6oo 0 4,100 4,100 loS 

Bolldo Creek 23,500 l.R,300 18,300 0 5,200 5,200 136 

Tributary areas 13,700 10,700 10,700 0 3,000 3,000 79 

Seco Creek l5,4oo 12,000 12,000 0 3,4oo 3,4oo 89 

sabinal R1 ver 33,900 17,6oo 33,l!oo 15,8oo 16,300 500 214 210 

manco and !Jackbel"17 Creeka 4,100 2,100 2,100 0 2,000 2,000 26 

Little m&Dco Creek 2,500 1,300 1,300. 0 1,200 1,200 16 

:rr.to Rlver 65,000 lio,ooo 61,500 21,500 25,000 3,500 432 391 

Two 'l'ributarios 2,700 1,700 1,700 0 1,000 1,000 18 

Dr,y Fr.lo Rlver 27,000 17,100 17,100 0 9,900 9,900 llio 
Leona Rlver 6,8oo 4,300 4,300 0 2,500 2,500 35 
Deep Creek 3,500 2,200 2,200 0 1,300 1,300 18 

lfuecos River 98,700 64,4oo 91,000(5) 26,6oo(5) 34,300 3,4oo 784 70T 

IDdian Creek 6,lioo 4,200 4,200 0 2,200 2,200 51 

Four Tributaries 7,700 5,000 5,000 0 2,700 2,700 61 

West lfueces River 29z8oo l.6zOOO 161000 ---2 1318oo 13,8oo 905 

SUMOrAL - Nuecea Rlver Basin ~ ~ 295,4oo(5) §.W.22C5) ~ ~ 
!l'Ol'AL - m.wa.rda .ReaerYOir .Area 9'1o,700 .1!23,200 lt9o,l00(3)(5) 66,900(3)(5) 412,300 179,300 

. 
*The annual resources, recharge and runot:' (exclusive of springflow) at the lower qe of the m.wards outcrop are averases for the period 1935-Sb· 

** The dra1118ge area at lower qe of the :etll&l'de outcrop, at. indicated on plates 2 and 3, appendix II. 
*** Location of dam sites shown on plate 4. , · n ........ .,. ............ 1atlov ot ....... •••-tt/:tr to ................ 
2 Reduced by eatilllated net int'l.ow of 171,910 ac-ttl:rr to Dam No. 7 - Caa;yon Reservoir SJ81;em. 
3 UsiDS 16 SCS detention utructurea on Salldo Creek (1962 Vorlt Plan), for iDcreaae of 31000 ac-tt/yr. 
4 Does not include approximate% 45

4
200 a0.tt/-rr cOIIIbined loss to evaporation IUI4 uae tor irrigation. 

5 Does not include 4,300 ac-tt yr ( mgc1) 10 b~ dellvered to tdovnatream areas. 
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86. WATER DEMANIX:) AND SUPPLY.- The projected water demands of 
the Edwards area are shown in table 16 and figure 11. If only the 
recharge reservoirs (Montell, Concan, and Sabinal) are provided and 
the plan to limit the pumping rate from the u,nderground reservoir to 
263,000 acre-feet per year (235 mgd) is adopted, th~n the ground
water and surface-water resources would meet the projected needs· of 
the Edwards area as indicated in the following tabulation: 

Need 

Municipal and Rural 

MUnicipal, Rural, Industrial, 
and Thermal Power 

Municipal, Rural, Industrial, 
Thermal Power and Irrigation 

Sufficient 
to the year 

1996 

1979 

(1) 

Municipal, Rural, Industrial, Thermal 
Power, Irrigation, and Water Quality (1) 

( 1) Total projected demand cannot be met. 

87. If Dam No. 7 and Cloptin Crossing Reservoirs are constructed, 
in addition to the recharge reservoirs, to supplement the ground-water 
and surface-water resources of the Edwards Reservoir area,the plan 
would then meet the projected needs of the area as follows: 

Need 

Municipal and Rural 

MUnicipal, Rural, Industrial, 
and Thermal PoWer 

Municipal, Rural, Industrial, 
Therma~ Power, and Irrigation 

Municipal, Rural; Industrial, 
Thermal Power, Irrigation, 
and Water Quality 

I-133 

·Sufficient 
·to the year 

2036 

2014 ,· 

2001 
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TABLE 16 

WATER HmUIREMENTS .AND RE50URCES 

Nueces San Aritonio Guadalupe 
Item River Easin River Basi:n River Basin 

Year 1962 W~ter Use in M.G.D •. (1) 

Municipal and Rural 6.1 139·7 6.6 
Industrial and POwer 1.6 19.8 0.5 
Irrigation ~~-~ 2~.4 o., 

TOTAL 3·0 llr.9 1· 
Year 202~ Water R~uirements 

' 
in M.G.D. (2) 

Municipal and Rural .19·9 479·3 46.0 
Industrial and Power 8.7 135·7 15·3 
Irrigation 58·5 60.6 43.8 
Quality. Control. 2~0.0 

TOTAL 87.1 925·6 105.1 
Year 2075 Water Requirement in M.G.D. (2) 

Municipal and Rural 29.3 819.9 72.9 
Industrial and Power 13~7 217.9 30.0 
Irrigation 58.5 60.6 43.7 
Quality Control 406.0 -

TOTAL 101.5 1,504.4 . 146.6 

Year 2025 Water Resources in M.G.D. 

San Ma~os- Spring 
Edwards Underground Aquifer 
Other Ground Water 
Montell Reservoir 
Canyon-Dam No. 7 Reservoir System 
Cloptin Crossing Reservoir 
Streamflow 
Return Flow 

TOTAL 

235.0* 
4.0 
4.0 

9.0 
103.0 
355·0 

I 

36.0 

18.0 

127.0 
38.0 
23.0 
24.0 

266.0 

Year 2075 Water Resources in M.G.D. 

San Marcos Spring 
Edwards· Underground Aquifer 
Other Ground Water 
Montell. Reservoir . 
Canyon-Dam No. 7 Reservoir System 
Cloptin Crossing Reservoir 
Streamflow 
Return Flow 

TOTAL 

235~0* 

5·0 
4.0 

7·0 
126.0 
377.0 

36.0 

28.0 

127.0 
38.0 
10.0 
40.0 

279-0 
* Incl.udes .. recharge from Montell, Concan and Sabinal Reservoirs. 

Total 
Area 

152.4 
21.9 
6~:o 

239·3 

545.2 
159·7 
162.9 
2~0.0 

1,117.8 

922.1 
261.6 
162.8 
4o6.o 

1,752.5 

36.0 
235·0 
22.0 
4.0 

127 .o 
38.0 
32.0 

127.0 
621.0 

36.0 
235·0 

33·0 
4.0 

127.0 
38.0. 
i7.0 

166.0 
656.o 

(1) · Detezinined by the Geological Survey; use f'rom the aquifer. 
(2) netermined by the Public Health Service; demands of the.l4 counties. 
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88. As indicated in the above tabulations, development of the 
water resources of the Edwards Reservoir area, as justified in the 
plan of improvement, would not meet the anticipated future demands 
within the area to the year 2075, even with drastic curtailment of 
use. To meet the anticipated future water demands beyond these dates 
will require more adequate use of return flows and development of 
additional water supplies outside the Edwards Reservoir area. Because 
of the limitations imposed by the authorization for this report, no 
overall basin water supply plan has been investigated for the three 
river basins. 

89. FLOOD CONTROL.-

a. Nueces River Basin.- The construction of Montell, Concan, 
and Sabinal Reservoirs to contain 469,600 acre-feet of joint-storage 
for flood control and recharge purposes would provide flood protection 
for developments along the Nueces, Frio, and Sabinal Rivers from floods 
originating on the Edwards Plateau upstream from the dam sites. The 
largest portion of the benefits would be creditable to Montell Reservoir 
and would be derived from protection of the urban and extensive 
agricultural developments along the Nueces River, particularly in the 
"winter garden" area downstream from the Balcones fault zone in the 
vicinity of La Pryor, Crystal City, and Cotulla. Additional benefits 
would also be realized in areas further downstream, including the 
cities of Tilden and Three Rivers. The prolonged release of floodwaters 
from the reservoirs at a reduced rate would result in a higher degree 
of infiltration of these waters into the Edwards Underground Reservoir 
resulting in benefits to water supply not included above. 

b. Guadalupe River Basin.- The provision of 119,900 acre
feet of flood-control storage in Cloptin Crossing Reservoir would 
provide flood protection to the agricultural lands, transportation 
and utility facilities and other improvements along the river valley 
of the Blanco and Guadalupe Rivers downstream from the dam site. It 
would also provide protection to the cities of San Marcos and Gonzales 
from floods originating on the Blanco River upstream from the dam site. 
The flood-control value of the proposed reservoirs is shown in the 
following tabulation: 
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ProEosed reservoirs 
Clop tin 

. Mantell Concan Sabinal Crossing 
Average annual dam8ges, 

dollars (1) 716,100 302,600 308,100 1,oao,ooo 
Annual damages prevented, 

dollars (1) 232,000 25,600 19,700 226,000 
Annual damages prevented, 

percent 32-4 8.5 6.4 20.9 
Average annual benefits 

dollars (2) 602,100 59,300 46,300 659,000 (3) 
Flood protection 

frequency 50 yr 50 yr 50 yr 75 yr 

(1) Under 1964 conditions of economic development. 
(2) Includes benefits allowable for future development. 
(3) Includes $163,300 credit for reduction of flood-control storage 

requirements in Cuero Reservoir. 

90. EFFECTS OF PLAN ON YIELD OF DOWNSTREAM RESERVoms.-

a. Nueces River Basin.- The plan of development for the Edwards 
Reservoir area has been formulated in consonance with the improvements 
proposed in the master plan of the Nueces River Conservation and Reclama
tion District. Although Mantell Reservoir is proposed in lieu of Tom Nunn 
Hill Reservoir, storage in the Mantell project, with the channel dam and. 
pipeline facilities included, would furnish to the Reclamation Distri.ct 
the dependable yield of the Tom Nunn Hill project. Based on the cost of 
a single-purpose water supply reservoir at the Mantell site, water could 
be delivered to the area at an estimated cost of 6.9 cents per 1,000 
gallons, some 21.0 cents per 1,000 gallons cheaper than the estimated 
cost of water from the Tom Nunn Hill project. Substituting Montell Reser
voir in the Tom Nunn Hill - Cotulla - Wesley Seale Reservoir system for 
Tom Nunn Hill Reservoir would not have an adverse effect on the yield of 
the Cotulla and Wesley Seale Reservoirs. 

b. Guadalupe River Basin.- The master plan of the Guadalupe
Blanco River Authority provides for the construction of Cloptin Crossing 
Reservoir, but at a smaller size than that proposed in this report. The 
master plan also provides for construction of Dam No. 7 Reservoir in case 
excessive leakage is experienced at Canyon Reservoir; however it would 
provide less storage than the project proposed in this report. Yield 
studies made for the two sizes of projects at each of the Cloptin Cross
ir~ and Dam No. 7 Reservoir sites and for Canyon and Cuero Reservoirs 
determined that the critical drought period at each of the above reser
voirs was the same and there would be no reservoir spills during this 
period. For this reason the yield of the Cuero Reservoir as presented 
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in the master plan-would not be affected by ~he increase in the conser
vation capacity of the Cloptin.Crossing.and.Dam No. 7 Reservoirs as 
proposed in this report •. Also,. if: the: Montell, .Concan, and Sabinal 
Reservoirs in the Nueces River ·-:Basin were constructed and operated to 
recharge the Edwards Underground Be·serveir, .and if the plan were adopted 
to limit the pumping from th~.aquif~r to 263,000 acre-feet per year, the 
additional springflow from the poma1, Hueco, and San Marcos Springs in 
the Guadalupe River Basin would increase.the resources of Cuero Reservoir 
by 17,600 acre-feet· annually. A more detailed discussion of the effect 
of the proposed projects on the yield of downstream reservoirs is con
tained in Appendix II, Hydrology and Hydraulic Design. 

91. RECREATION - FISH AND WILDLIFE.- To supplement existing 
recreation developnents in t~e Edwards Reservoir area, it is proposed that 
land and.facilities be provided at the Mantell, Concan, Sabinal, and Cloptin 
Crossing Reservoirs for general recreation and fish and wildlife purposes. 
The flood control operation of all the projects and the recharge operation 
of the Mantell, Concan, and Sabinal Reservoirs vould provide an additional 
scenic attraction to sightseers. The lowf;Low of the Nueces River would 
also be enhanced along a 14-mile reach between the Mbntell Dam and a 
channel dam to be constructed il!Dnediat~_l.y upstream from the Edwards outcrop 
on this stream .. The additional recharge water to be provided by the three 
reservoirs would enhance all the major springs along the Balcones fault 
zone, as described in :paragraph 84b. Of particular significance would be 
the increase in springflow in the city of San Antonio, estimated to average 
about 13,300 acre-feet annually. · San Antonio and San Pedro Springs have 
flowed only intermittently in recent years, and the flow of the scenic 
San Antonio River through the cit~ has been maintained by wells in 
Brackenridge Park, commercial and industrial wells, and local flood 
runoff. 

92· The recreation lands and facilities proposed in this report 
would provide recreational opportunities for 2,560,000 visitors 
annually. Of this total, about 1,700,000 visitors are expected to 
participate in general recreational activities and about 860,000 
visitors in fishing and hunting. The proposed recreational development 
would complement, but not compete with, those rec:z:eational attractions 
existing in the area. If recreation lands and facilities were provided 
at the Dam No. 7'Reservoir, this project would attract an estimated 
additional 4,800,000 visitors annually. A more detailed discussion of 
the recreation aspects of the proposed reservoir project is contained 
in Appendix VI, Recreation and Fish and Wildlife. 

93. As described by the Bureau of Sport Fisheries and Wildlife in 
their report attached t.o .appendix VI, inundation of reservoir lands will 
result in loss of bottomi~d habitat for big· and upland game, particularly 
deer. Because of the small populations of wild turkey and small_fur-bear
ing animals, they are not expected to be appreciably affected by the 
proposed projects. The reservoirs with conservation storage will attract 
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to some d.E!gree certa.in waterfowl during migration, such as mallards, 
pin tails' blue-winged teals' . green-winged teals' and coots • . Mourning 
dove populations are ex:pected to continue to be plentifUl in the 
Cloptin Crossing Reservoir .. ·area. The Cloptin Crossing and Montell 
Reservoirs would be clear, attractive· impoundments which woUld provide 
high quality fish habitat, prtmarily for ·J.argemouth"bass, catfish, and 
white crappie . The fish habitat along the NUeces : River 'between the 
Montell IBm and the proposed charinel dBin·would also be enhanced by the 
constant release to be made from the Montell. Reservoir. 
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COST ALIOOATION AND APPORTIONMENT 

r 94. COST ALLOCATION TO PROJECT PURPOSES.- For the proposed 
Mantell, Concan, Sabinal, and Cloptin Crossing Reservoirs cost 
allocation studies were made to determine the equitable distribution 
of the costs to the various project purposes. Allocations were made 
between the purposes of flood control, water conservation, fish and 
wildlife and general recreation for the Mantell and Cloptin Crossing 
projects. The costs of the channel dam and pipeline proposed in 
connection with the Mantell Reservoir project are specific costs for 
water supply purposes and are added to the allocated water supply 
cost of the reservoir. For the Concan and Sabinal projects, alloca
tions were made between the purposes of flood control, water conser
vation, and recreation~ The total project costs allocated to these 
purposes for the four reservoir projects are presented in table 17. 
The allocations were made by the Separable Cost-Remaining Benefits 
Method. The detailed cost allocations of construction, investment, 
and annual operation and maintenance costs to various purposes are 
presented as an attachment to this appendix. Also attached are the 
summary estimates of first cost and annual charges for single-purpose 
reservoirs used in the cost allocation studies. 

95· APPORTIONMENT OF COSTS AMONG INTERESTS.- A cost apportion
ment summary is presented in table 18. The apportionment of construc
tion, operation, maintenance,. and replacement costs between Federal 
and non-Federal interests has been made for the four-reservoir projects 
based on the criteria as described in the following paragraphs. 

96. The costs allocated to flood control in the proposed projects 
are apportioned to the Federal Government in accordance with the general 
policy established in the Flood Control Act of 1936, Public I.aw 738, 
74th Congress, as amendedq The apportionments are made to the Federal 
Government because of the widespread and general nature of the benefits 
associated with· the flood-control effects of the reservoir projects. 

97. The portion of the allocated water supply cost of Mantell, 
Concan, and Sabinal Reservoirs assigned to recharge the Edwards Under
ground Reservoir has been apportioned both to the Federal Government 
and to local interests. The largest military complex in the Southwest 
is located within the Edwards Reservoir area in and around the city of 
San .Antonio. The mi,litary installations pumped 13.5 million gallons 
per day (15,100 acre-feet per year) directly from the Underground 
reservoir in 1962. This quantity represented about 5.5 percent of the 
total water pumped from the aquifer in 1962. For the period 1955-62 
the percentages of water used by the mill tary were virtually the same 
as those for 1962, and it is assumed that future.military water 
requirements will continue on this same trend. Sinc.e the military 
installations will share with local interests in the benefits to be 
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derived from the recharge reservoirs, 5·5 percent of the allocated 
water supply cost of the projects assigned to recharge of the 
Edwards aquifer have been apPortioned to the Federal Government • 

98. The cost of Mantell and Cloptin Crossing Reservoirs 
allocated to conventional water supply (including costs for the 
pipeline· and channel dam) is the responsibility of non-Federal 
interests) in accordance with the provisions of the Water Supply 
Act of 1958, Public I.aw 500, 85th Congress) as amended. 

99· Recreation is considered to be a project purpose of the 
Concan and Sabinal Reservoirs, and both general re.creation ~d 
fish and wildlife recreation are considered to. be project .purposes 
of the Mantell and Cloptin Crossing Reservoirs. The facilities to 
be provided have been developed in consonance with Senate Document 97, 
87th Congress, 2d Session. Costs for recreation lands and facilities 
allocated to the Federal Government are within the limits.established 
by H. R. 9032_, dated November 6, 1963. 
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*Fbr water conservation otorage in the reoervoir pluo the pipeline system. 

Allocated water 
supply cost per 
1,000 gallons 

0.078 
0.023 
0.056* 

0.026 



Project and Purpose Federal 

MONTELL RESERVOIR 
Flood Control 10,873.0 
Water Conservation: 

Reservoir: 
Recharge 1,021.0* 
Dowstream supply 

Pipeline System 
Recreation - Fish and Wildlife lz665.0 

TNl'AL 13,559.0 

CONCAN RESERVOIR 
H Flood Control 1,189.0 
I Water Conservation (Recharge) 783.0* ... 
$ Recreation 227.0 

TOTAL 2,199·0 

SABmAL RESERVOIR 
Flood Control 898.0 
Water Conservation (Recharge) 566.0* 
Recreation 227.0 

TOTAL 1,691.0 

CLOPTm CROSSING RESERVOIR 
Flood Control 7,628.0 
Water Conservation 
Recreation - Fish and Wildlife 7z35LO 

TOTAL 14,979·0 

TOTAL. PROPOSED PROJECTS 32z428.o 

~ 

APPORTIONMENT OF COSTS 
PROPOSED PROJECTS 
(in 1000 dollars) 

First Cost 

Non-Federal 

17,539.0 
547.0 
900.0 

18,§86.0 

13,451.0 

13,451.0 

9,722.0 

9,722.6 

9,461.0 

9,461.0 

51,620.0 

Total 

10,873·0 

18,560.0 
547.0 
900.0 

lz665.0 
32,545.0 

1,189.0 
14,234.0 

227.0 
15,656.6 

898.0 
10,288.0 

227.0 
11,413.0 

7,628.0 
9,461.0 
7,351.0 

24,440.0 

84,048.0 

Operation, Maintenance 
and Replacement of Parts Cost 

Federal : Non-Federal : Total 

13·7 
2.0* 
5·1 

2o:E' 

12.0 
1.8* 
5.1 

!8':9 

23.2 
12.8 
16.6 

34.0 

jihO 

30.4 

30.4 

147.3 -

24.6 
12.8 
16.6 
17.2 
9Q.4 

13.7 
36.0 
5.1 
~ 

12.0 
32.1 
5.1 
~ 

27·3 
30.4 

127.3 
IB5.0 

379·4 -
~ *Represents 5.5~ of the allocated cost~ to recharge purposes. All water resources developed by Concan and Sabinal .... 
~ Reservoirs and 86~ (26,600 ac.ft./::r) of the water resources developed by Mantell Reservoir are indicated for 
VI recharge purposes. The remaining 11.~ (4, 300 ac. ft./yr) of water resources developed by l.fontell Reservoir is 

indicated for municipal and industrial .:ater supply for downstream areas in the Nueces River Basin. 
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ATTACHMENT 1 . 

D:E:rAILED AND SUMMARY COST ESTIMATES 
AND COST AUDCATIONS 
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2zg;;g 13 Coricl'Ote, CCRdld.t c.t. 35o00 7,100 7,100 ,. CoDcrete, brldp 4eck c.r. ao.oo 1.20 9,600 1.20 9,600 
15 Coricrete, brldae plaN C.! 70.00 ~50 31.500 ""' 31,500 
16 ....... Jll>l , •• oo 19,1too 91,000 19,ilo0 91,000 
11 steel, retntore!DC .... 0 .13 1,820,000 236,6oo 1,820,000 236,600 
1.6 steel, atnactu.na.l Lb. 0.22 

1'1:::: 
32,180 1"9, 000 32,T8o 

19 Pipe muns Job , Oo] 5 1,540 ··'""' 1,540 
20 Mtacellauouo =t.a1 Lb . 0.50 1,000 500 1,000 500 
21 Lc144er, p tea, srt.lla Lb . o.so 3,100 1,850 3.100 1,850 

~I 
Air nata, ctoel, 36'1 L,P, 86".00 !OS 24,4oo 305 21t, ltoo 
Air ~ veat , ateel 1.8'11 L.F. 6o.oo 134 a.~ 134 8, 040 
Oese vell. tact.Uttea L.a. 1, 000 1,000 

25 Spl.nl .uiro L.P. 60.00 134 a,040 134 8, oko 
26 CODl\lit Uoer Lb. o.6o 70,190 l2,11~ 10,190 lta,U4 
2T Jlubber vater lltop r,,p, 3·00 1,$55 5,655 1,885 5, 6ss 
.a Water sasea, tile L.P. 20 .00 1.65 2lu::: 1.65 

21~::: 

jif! 
t'nu:tOJ' pteo Dftl1 equ.tpat L.s . 
lulkhead sate ·aad. Sl&14e• r..s. 25,000 25,000 
VeaUloUUi u)'fta Z. • .:J. -~ .!$!' -~ .t:!:f' 

~j Blnator llld iaclOOIU'e L.a . 20,000 20,000 
Electrlcel fad.Uttea L.a. ~ • SUhtotal - c:JUtbt vorU 

~ hbtotal. • 4-.a 

~ Ccmtinseoctea, 1~.! 
1t;ia;t: ....... - liAIII .. 

(08. 0} Acceea road. L.S. 112, 500 112,500 

Oollti:~aA~~/ROAD ~ ----H 
(1,.~} 21!:!!:;. •:s== wttlit tea L.s . ,., ... ,.,000 

b. Vater fiiiPPl7 L.a . 

=!! 
10,000 .. Powerllao and. aubatatiOll L.a. 1:; S\lbt~al - bu.ild1118a , si'Ou.D1u, aDd. at1l1ttee . 

c=tt asenc.lea, 1".! 000 
!OrAL - ll1ILDDI08, OR:IIJIII8 AID Ul'ILl'1'D8 . 

(20~~1 :n~~!i!J~EII!Dt L.a. 5,000 5,000 .. Boot L.a • .. Ml.nollaneou t'llrD1 t ure aDd. equt:.-ut L.a • 5, 000 5, 000 .. st~ ceceo L.a. 15,000 15,000 .. Bftporattoa u4 rata sace• L.s. 1,000 1, 000 
t. Se41Mnt ud ~!Oil nuwea L.a. 

~ ~ ,. 8\&btCJtal. - pen~~~Dent operet1111 equlplellt. 

"' 
Oolltt=:-~e~ OPBM1'IJIJ BQUIHCIIIf ~ ~ 0. 

(]0,0) !!B!IIIM11!!1 ud 4ee!e 1,009, 000 1,~,000 

(]1.0) 8!:p!rfte101l ud &d!IW.etratlCD ~ ~ 

'fO'lAL·II9!DIAft:Dr:tRftCC8!·DMIAIDRII:IIIIWUtR 15,491.,000 15,5'78,000 .. DBrAJLID IIJrDCA!B ar rnm C08f • JIIICJIBeial 
10 3,000 101.01 LUii iDi llfllli!e ltDdtilii• ca~tiliezu:tee) .... 3()1),00 

"' (Ol.O}Resei"'I1J'8 ... •. ann. (lacladse cootil8eQCles) ..... 100.00 30 3.~ 

.!. (14.0! Recreattc:. tacWttae (lccl.ldotl CG!t!!l!llld.• • ) L.S, 51, 000 

.;. 
U2·0l !!!1!!!!!!!!1 u4 dn!l! 6,000 

"' 
U!·O! !g!nlatoa u4 adld.llf.otnt.toa ~ 

MAL .. 1lft'DCAftll I'DB!' 0091' • RII:RIAftCil ~ .. tor.AL - IIPDCU"BD I'ROo7BCll' OCBl' *'-5,"91, 000 $1.5,650,000 



TABLE Al-3 

DEAILBD E6'1'IMAD OP PIJS1' oosr 
SABmAL DAM Ami .RtSERVO!R 

SABIJiAL RIVER 
(JUI)' 196'1 price level) 

Unit 
SingJ,e-purpose Joint-storege 

UDit :!Q:l!ar t'lood control Recha!Jle and :12-l! t'loocl. colltrol {1} 
Item GU~~ntitz • COIIt Quantitz Cost Quantitl : Cost 

PEIIl'IliEtlr nATA 
Top or 4ml, elevation 1241.0 1244.0 
Top or seteo, elevation 1223·5 1226.5 
Spill~ creut, elevation ll93·5 ll96.5 
Storege cap!lcit)' (top of sates less sedil:lsnt ), acre-teet 8o,490 89,100 

A, D:r:l'IIILBD ES'l'lJIATE OF FIR5'1' CC8'f - DAM A!iD RBSERVOIR 
101,0~ ~ iiijji "P""''t"S 

a. eolltG r) Fee Di:ple land Acre 4oo • 70,800 4oo $ 70,800 
2 ~ nood ea~~e:ent laDds Acre 2,81.0 421,500 3,000 450,000 
3 Fee BGVereDCe dm:lage L.S. eo,ooo 60,000 
4) Fee land improvements L.s. 252,000 267,000 
~5~ Mineral value L.s. 19,4oo 20,6oo 
6 Resottlemcllt reil:lburseaellt L.S. 61000 61000 

Subtotal - land costs 849,700 894,400 
b. Land acquiuition expense L.s. ~~000 ~~000 Subtotal - laDds and land acquiaition 

Colltinsencies, 15i + 
,700 ,400 

1J~I300 14116oo 
TarAL - LAllm A!ID-IWIAGBS 1,035,000 1,086,060 

{02.0~ Relocations 
a. ReBelo Gild bridges 

(1) FanD to Market 1118hva)' 187 

~a~ Nev road cOCip].ete M1. $75,000.00 6 450,000 6 450,0CXI 
b Br1ctse L.F. 200.00 250 50,000 250 50,000 
c Colmectiona to existing b.ighva)'u L.a. 101722 101100 

Subtotal ..; rcacls and brictses 510,700 510,700 
b. utilities 

fl J lbnll. electric distribution lines M1. 2,000.00 8.7 17,400 8.7 17,4oo 
2 lbnll. telephone lines M1. 1,200.00 8.7 101"<> 8.7 ·101~ 

Subtotal - lit ill ties ~~840 ~,840 
Subtotal - rel.ocatiODD 
Contingencies, 25i ~ 

5 ,540 5 ,540 
l~lli6o 1J,.ali6o 

'1'0l'AL - Rl!tOCATIOE 673,000 673,000 

{o4 .o~ DBaa 
a. l!.llbankmoDt 

1 Care or water Pump.~ 150.00 160 24,000 16o 24,000 
2 Clearing and grubbing Acre 300.00 22 6,6oo 21 6,300 
3 Excavation, stripping c.y, 0.25 13,900 3,475 14,6oo 3,650 
4 Excavation, cDIBOn C.Y. 0.35 l0,4oo ),64o ll,OOO 3,850 
5 Excavation, clltotr trench c.y. 1.00 )0,6oo )0,6oo )0,6oo 30,6oo 
6 Excavation, raadm, borrov c.y, 0.30 521,000 156,300 542,000 162,6oo 
7 Excavation, 11:1perv1ous, borrov C.Y. 0.50 706,100 353,05C 755,IJOO 377,700 
8 Ccapactecl 1aperv10WI till c.y. 0.10 641,900 64,190 686,800 68,68o 
9 Filter ~~ateriol c.y. 3-00 61,800 185,IJOO 66,100 198,300 

m 
Rlul4ca nu c.y. 0.10 479,700 47,970 516,500 51,650 
Riprap c.Y. 8.oo )0,000 21oo,ooo 31,500 252,000 
Be4d1~ C.Y. 6.00 11,200 67,200 u,800 70,800 

13 nexible base C.Y. 8.oo 720 5,"16o 7loo 5,920 
14 Agregate c.y. 12.00 55 66o 6o 720 
15 Aaphalt treatment Gal. 0.25 2,950 738 3,070 768 
16 Cotrerdem c.Y. 0.50 12,000 6,000 12,000 6,000 
17 Slope protection Acre 500.00 8 4,000 9 4,500 
18 Foundation prop!lrat1on Sq. 1.00 250 250 250 250 
19 Foundation driU1~ and grouting L.S. 1001000 1001000 

Subtotal - embanl!mont 1,299,800 1,368,300 
b. Concrete dam and eptll~ 

1~ Cere ot water Pump.~D 150.00 300 45,000 300 45,000 
2 Cotrerdm:l C.Y. 0.35 62,000 21,700 62,000 21,700 

-· -- Cleo.riaa _ Ju!rn 1 r,n_nn .. ~.. 11:_.,,...,.. ____ ..... 
2i;600 Dr111 and smut anchor holeD L.F. 2.25 9,300 20,925 9,6oo 

5 Drill clra1n holeo L.F. 2.00 7,000 14,000 7,200 14,400 

6 LiDO drilling S.F. 1-75 23,500 41,125 24,000 112,000 

7 Concrete, weir C.Y. 25.00 45,610 1,140,250 48,68o 1,217,000 
8 Concrete, non-overt'lcnr C.Y. 25.00 53,200 1,3)0,000 57,950 1,1148,750 

9 Concrete, pier c.y. Joo.oo 5,020 200,800 5,020 200,800 

~~ 
Concreto 1 o1eb c,y, 25.00 4,llO . 102,750 4,210 105,250 
Concrete, VBll c.y. 35·00 9,o8o 317,800 9,270 )24,450 

Concrete, .brictse declt C.Y. 75.00 60 6,000 80 6,000 

13 Cement Bbl 5-00 146,)80 731,900 156,520 182,6oo-
14 Steel, re1ntorc1~ Lb. 0.13 4,14lo,ooo 538,720 4,)44,000 :;64,'120 

~~ 
Steel, &tNCturol Lb. 0.22 78,000 17,16o 78,000 17,16o 

Pipe ralltug, 2" ~ alu=imm Lb. 1.50 4,000 6,000 4,000 . 6,000 

17 Bridge ra111ug, 2-1/2n ~ elu=imm Lb. 1.50 7,4oo ll,lOO 7,400 U,lOO 

18 M1aceUBD80Wl llotal.B Lb. 0.50 10,000 5,000 10,000 5,000 

19 Le44ero, gmtes, an4 gr1lla Lb. 0.50 8,000 4,000 8,000 4,000 

20 v~ Lb. 0.50 5,6oo 2,800 5,6oo 2,800 

21 Vatarotops 1 rubber L.J'. 3·00 2,570 7,710 2,650 1,950 
22 'l'ile sases L.J'. 20.00 155 3,100 ·158 J,l6o 
23 '1'111nter gates Lb. o.loo 512,000 204,800 512,000 2 ,800 

24 Gate hoists, sbafts,hansers Lb. 1.25 123,000 153,750 123,000 153,750 

25 Tnmion anchorege and saalo Lb, o.Joo 156,000 62,4oo 156,000 62,4oo 

26 Sluice antao and. operatiug oquip:ent Ea. 32,500.00 4 130,000 4 1)0,000 

27 Trash racks 8lld suideo Lb. o.loo 7,100 2,81oo 7,4oo 2,960 
28 Ellltrganey bulkhead& Lb. o.5o 52,800 26,4oo 52,800 26,400 

29 Precast bridge Sirders Ea. 120.00 18 12,960 18 12,960 

30 Crane L.S. )4,000 )4,000 

31} Blaetricol tae1llt1es L.s. 50,000 50,000 

32 standb7 power UDit L.S. 10,000 10,000 

33 FcwWLtion preparation Sq. 1.00 l,o4o lao4o l,o6o 1ao6o 
SUbtotal - concrete 4az:t and &pillvey 5,261,100 5,544,900 

Subtotal - das 6,560.900 6,913,200 

Conti~enc1es, 15i ~ ~11oo 1 10~1800 

TOl'AL- DAMS 7,5,ooo 7,950,000 

{o8.0l Acceoo rond L.s. 23,000 23,000 

Colltinsenctes, 15i . ~~000 ~~000 
'1'0rAL - ACCESS RQL 2 ,ooo ,ooo 

~s L.S. 54,000 54,000 
L.S. 10,000 10,000 
L.S. ~~000 ~~000 

1 ,ooo 1 ,ooo 
241000 241000 

18.5,000 185,000 

Pemanent mti 
1 o - te opllone equip:ent L.s. 5,000 5,000 
2) Miscolloneous furniture and eqllip:ent L.s. 5,000 5,000 

3J Stri8ll sases L.s. 15,000 15,000 
4 Evaporation and rain 888&11 L.s. 1 1000 1,000 

)> Subtotal - permanent operati~ equip:ent 26,000 26,600 

I Contingencies - 15i + 41000 41000 

01 rorAL - PEIIWiB1'Il' 'iiPERA'rim BQUIPMEilT 30,000 )0,000 

{!!·0~ !!!.!l!neari!!l and.· des!e 800,000 8o5,000 

,J:!.O} !!!J!!rv1o1on and ed1:11111&tration ~~~000 ~~000 

TOl'AL - IIBl'IMATED FimT CC8'f - DAM AllD RmDVOIR 10,859,000 u,341,ooo 
::0 

t B, DKrAILED E8'1'IMATE OP FIRST COOT - mx:REAi'IOl'l 
( 01.0) tando and §es UncludeB conti!!Senciea) Acre 300-00 10 3,000 

I 

en {OJ.Ol Reservoiro 
01 a. ClaariQS (includes continsencieu) Acre 100.00 30 3,000 

{14.0~ Recreation tac111t1ea (includes contimenctes) L.s. 57,000 

{lQ.O} !!!.!l!nea!:!!!l and. des!e 5,000 

{l!:·Ol. !!!J!!rvision and Bclmi.Distretion 
41000 

TarAL • IIBl'IMATED FIRI'1' caJT - JIBCRBATIOR 
72,000 

c. Tal'AL &9'l'IMA1'ED PRa.Jml' FIRS'l' CCS1' $10,859,000 $11,41),000 

(1) Also siugle-purpoue reclmrge reservoir proJeet and. multiple-purpose recharse, t'loocl. control and. recreation pro~ect. 



TABLB Al-4 

D!TAILSD ESTD!Al'E OF n~ 006T 
CLOP'l'IB CRCI!ISDD DAN A!m E9K!M')IR 

IILAiiCORlVBII 
(J>.al)<li6ll pri~ liiiVI11) 

Sl!l,!lt!•pui']:IOIIO silljl:lv~parpnse illiiil- Miihple•y..~rpo~e 

""'' I2·Yr noooi eontral. vatereoooervst1on Fe W: Fir & R 
t<m !I!I!U!tltr Q:.uu:!tltz .... Qu!!nt1tr - 9wnrtitz """ P3Rl'IIU:R'tDAJ'A 

~,e1evat10lll m.o 1005.0 1023.0 
Sp1UW01 CrtBt, elevat10D 911-'r.O ,..,.o .... 0 
StOJ"'I6ii CflplC1t7 (apill'lllQ" cre11t len 11ed1aeat), a.cre-toet Ul!.,iOO 271,200 394,800 

A. tiHrAILKD £8i'IMA'1'B OF FIRST cost • DAM AJID RESBRVOV! 
(Oi~~J =C=IId#li1111. r! .............. (1oolu41"' "~""•) 500 10,000 6,>80 ,.,.,,6oo 9,100 s l,Oio~,OO') 

2 ftood etlll-at l.8adll wvl h:iJI:rov.=:eftts "" ],100 2U,6oo 
)) he aevenu~~ dacaie L.a. 55,000 75,000 100,000 

~~:c~~~lltll 
L.S. 10,000 66o,ooc "'75,000 
L.s. "l,,OOC' 

~ 6)Reoett1e=eatre.lmbiU'8!!mltnt L.s. 
~ 1,9ff;:l S\l.btotlll ·land COiiltll .. 

'· Lellllacqllte1t1onexpenue ,m:e 1,42~:= ~ Subtotlll • 18llds 111111 laol aequ1B1t1an .. 
~~~~~iDAHAOIIS • ,ooo dl!:~ 2.~t:m 

,02.0) ildoc11.tions .. Roadllallllbrldgell 
(1)Cou.nt:rroe.d·Bolld1s:ocrogoif8 

l:l::":' "'· $60,000.00 l.] 1'l,OOO 1.3 'Tii,OOO 1.] .,.,000 
L.F. 175.00 ""' Jl::::::; ]20 

~ 
too 
~ 

b. Ut111t1ea 
SDbtotal • roa4G oa4 br14po 

~~~ :~r;~~~ ~::II 
Hi. 2,000.00 t,ooo •,ooo •,ooo ... 1,200.00 

~ ~ ~ Subtotal .. llt111"t1ee 
Subtctel .. rol.oeattou ~ ~ ~ 
Conttasenctaa,2~+ 

~.:::::: &:::::: ~ TCifAL·~ 

{~.O)IIeeerY01rs 

•· Mee.rlng jO.OO 3,'120 186,000 3.150 1.87,500 
Coat1ns:ena:Le111 1~.!. ~ 2ll!,~ 'l'OrAL • mm:RVOIRS 2l ,ooo 

(OIJ.O)DN::w .. -1 care ot w.tor -·- 150.00 " 11,250 120 18,000 l6o 211,000 
2 Cleal"'.ag and EP'\Ibbilll!'l ''" 350.00 S7 19,950 " ]O,Boo lLO "'·"" l BXee.'nl.tiOD1 at1"f.ppllll!ll c.t. 

g:~ 
37,8oo 11,JIM> !!·""' 17,610 "'·""' 22,410 

laeavatiOA,c:IZIIIml c.y. 28,)00 11,]20 ,200 17,68o >6,000 "·""' l Blteavatica, bOft'OV, reek c.t. ~.a:; ··~::gg 5,662,500 6,610,000 B,26a,soo 
Excantion, bOZTOV, tspen101U1 c.t. ,,,. ""·""' 262,100 ~3.300 1,098,000 ..... ooo 

1 ::Xcant10D1 MoN' trouch C.Y. 1.00 32,500 rr:l2:: "'"" 12,500 "·"" "·"" • OCape.cte.t lll:pon10WI nu c.t. 0.10 4T6,6oo 769,6oo 
1,2~:= 

998,200 99,820 

r==~ 
c.y. 1.50 

2,~:~ 
..... 300 822,100 1,051,100 1,585,650 

c.y. 0.10 
~~:~ 

11,939,000 '-93,900 6,gos,ooo 69<>,500 
U l'lellib1e bflce c.t. .. ,., 2,230 ],320 21,580 3,'120 211,180 
l2 Aggre£ate c,y. 12.00 180 2,16o 210 '·"" 300 J,6oo 
~z :~~reatmeat 

Go),, o.25 ··= 2,]00 13,'1110 ~.IllS 15,]8o 3,8115 
c.t. 0.20 ao,ooo 16,000 ao,ooo 16,000 ao,ooo 16,000 

15 7llwld.!!.Uollprep!LnlUOD 
~ir.-

1.00 .~5 "' .. , '" "' ·~ "' -- 11PUW1415tl-a.!"1.U1DifiUII18r'CIUU116 
i;o,~ ~ n.m;zoo-

b, 
9\lbtotCIJ.- aabaN=aat 

Spill""oRQ" 
1 Cl.e&riiiR """ 200.00 .. 

~:= 
2l .,200 " '·""' 2 ERavt~ttom, ecacoll C.T. o.>o 663,000 110,000 68,000 22],000 89,200 

3 bcavntio111 rock C.T. 1.2:; 3o235,000 li,Lo6,250 200,000 250,000 110,000 1~7,500 • Ccmcrete, ola.b CoT. 25.00 23,68o 592,000 18,= 1£1,000 U•,T50 368,1'50 
5 Comcrete,va.Ll C.T, 35oOO ,.,r,g 311,300 34,300 9110 "'·"' 6 ,_ ... """· ,,00 

~~:~~ 
2la,28o 121,400 19,660 ,.,]00 

' £!1Dtorclll8 steel ... Oo13 l,B::;;g 1,1oTO,OOO 191,100 1,200,000 156,000 

' !tl.prap C.T. 6,00 99,2to 13,o'loo 1'8,21o0 10,5RO 63,b8o 
9 Be44tns c.y. '·"' 11100 35,500 '·"" 28,000 4,5110 2:2,700 

~~~~ ~a!14~1t~ IU1Chor holes L.J'. 2.2, 

~:= 
'12,000 25,250 :;6,81.3 "·"" lui,l25 

s.F. 1o'r5 
~ 

23,500 
1,3~;~ 

21,200 
~ av.btGI:ul. • 11pillway .. Ckrt1et v.orlul 

1)CareatVll.ter -·- uo.oo 2]0 ,.,500 ""' 30,000 ""' ]0,000 
2 Cl.e&1"1.118 AoN 200.00 • 1,8oo • 1,8oo 9 1,800 

I bea"ftlt10D1 IIJiel.aiiGtt:l.ed C,T, 1.50 214,000 ]21,000 181,000 271,500 JB>,ooo 276,000 
Backtillb~&, ot.ruct1.1re.l C.T. 1.00 4,ooo •.ooo 6,100 6,'lt>O 1oTOO 7,100 

5 Drl.ll and s:r=t IU1Cbor bol.ea L.F, 2.25 5,120 u,~o ,,]00 11,925 5,300 11,925 
6 Drill 4roiu boles L.P. 2.00 3,120 6,2110 1·250 6,500 3,250 6,<00 

' Llae dr1U11111l s.r. 1.7> 22,200 ]8,850 2,900 '-l·~' 26,1100 116,200 

' Opere.ttae bQuse L.S. 20,000 20,000 20,000 

I~ 
Coucreto,control tover c.T. TS.oo 380 28,500 "" >6,500 ''" 55,500 
Ccmcrete, tO¥er ~~~ &Ad tru~lll1t1cn C.Y. 30.00 6,7>0 20e,200 

l:~ 
156,900 5,230 156.900 

COllcrete, COP1111t C.Y. ]0.00 4,110 125,100 15'(,200 6,550 196,500 
Concrete, fllab c.y. 25.00 1,130 28,250 1,130 28,250 1,130 2B,250 

il Ccmcreto, vel.1 C.Y. 35.00 1,010 37,1150 1.~50 110,250 1,150 ~,250 

CcMrete, b1"1.12ge 4eell c.r. ,,00 10 5,250 100 7,500 120 9,000 .. ._ .. .... 5.00 1711.00 85,500 11,310 86,550 19,210 ... ,. 
16 Stee10 N11l1'ol'elll8 ... o.u 1,653,000 211>,890 1,652,000 a4,76o 1,8U,OOO 235 ..... ~ 
lT stoo1,1Jt"NCt\ll"tll Lb. '·" 70,000 15,200 121,000 24,200 158,000 )1,600 .. Pi- r'lliUag Lb. 0.)5 2,500 ., '·""" 1,,.. t,6oo 1,610 
19 
~~.=;~1b 

Lb. ,,,., 1,000 500 1,000 500 1,000 500 
20 Lb. 0.50 3,~ 1,8oo '·""' 1,6oo '·""' 1,6oo 
21~ Spiral IJteJ.ra r..r. 55-00 ,Z·"' .. 5,1ol!.5 ll1 6,4:_:!5 
22 CozldUSt 11M~ Lb. a.,:; 99,6oo ,'!80 10,200 38,610 10,200 38,610 
23 I!Ubbar vatel'" atop L.i', ].00 1,250 3,150 ~.830 :;,1190 1,9'10 5o910 "! Woto• ,,..,, tllo L.F. 20.00 .. , 2,86o lT5 3,500 19] 21::~ 25 Tnsctor getou DD4 oqllip;eut; L.B. m,ooo 21la.,500 
26 Bllll!headpt11111 1J11ldelll0 1!tc. L.S. ]0,000 25,000 25,000 
21 Gege vell. tacllltieu L.S. 3,'lt>O 5,250 6,150 

'"! '"'""'"' """""'' r..s. 22,000 22,000 22,000 
29 RlJint.p c.y. 6.00 2,'!8<> 16,68o 2,'!8<> l6,68o 2,"1'80 16,68o 
30 Bed41~ c.r. ,,00 1,110 5,550 1,~ 5,550 1,110 5o550 
31 COacreta1 1ni.dse:pion c.r. G5.oo 120 ,,aoo 2k,TOO ,,. 29,250 
32 A1rnnt.ll,J.8•(1 L.F. 60.00 55 

2l:~ 
90 ,,too 110 6,600 "!At. noto, ]6"; t.P. ao.oo 320 28o 22,too ]10 2la.,8oo 

3'- Yent11etlou li;ratlllil r..s. 5,000 5,000 5,000 
35 Klevator,llleloellT01 etc. L.S. 20,000 20,000 
36 FouD111.t1CII prepe.ru.Uo;n ... 1.00 595 

1,685,~ 
6oo .,., 

~ S...btote.l•Ollt1etvorkfl 1, 
Subtotal. ~ da=a 8,9],4,1!oo u, lk,320,000 
Collt11!€9clCII, 1~ !_ 

r~;m;: :it@ 000 Wl'AL • IWIS .. 
{oB.OlAeCOIIG!"OOd r..s. 11,6oo ll,6oo u,6oo 

Co~::e~tt~~~~ ~~.~ ~ ~ '· ], 

(19.0) llll114t.SII, s1'0Unll•lllndv.tUltiee 
•• Mii!nti!IDIIncerildlitieG L.S. ,.,000 ,.,000 ,.,000 

'· Water sll)lllJ.y r..s. u,ooo 12,000 12,000 .. Powerllne o.nd. INbGtatioa t.s. 1.21.000 121.000 121.000 

Sllbtatal·bll1l.d1~a,J!:I'CII!Idllii.Mv.t111Uea 1&7,000 181,000 un,ooo 
Colltlrwencteo,' 1~! aH::t ~:~ ---= 'IV1'AL • a.rn.ltDIJS, OROUYDII Aml Ul'ILl'I'IiS 215,000 ....... ~ ,,ooo ,,000 RMla-t . L.S. •,ooo 

2 .... L.S. 8,000 a,ooo 'l"''"' ....... '"'""'""''""""'-"' L.s. 5,000 10,8oo 10,8oc 
4 Streemsea:ea L.S, 15,000 1S1000 15,000 
5 !vaporet10D an4 rei11 Kt!fi:C& L.a. 1,000 1,000 1,000 
6 9e41HDtat1o. aQd.. dBSradatiOIS t'IID!OG L.a. 

2,:~ 
~ ~ 

SUbtotal • penl&llell.t operoltlfl6 eqlllJDent 107t100 10"!",100 
Cont1Menctoe, 1n.,: ~ ----.!hl!!2 

'l'Ol'AL • PFJDWIBRl' OFEli.\1'D!O JJmJ'MBm 29,000 123,000 12'1,000 

{J!M) 1!!61-rts llln4 de-lllsD 970,000 1,16o,ooo 1,252,000 

U!:·O! ~rv1111om em! odl;lrd.Uratton ~ ~ ----'l'OrAL • I!S!'DU4'!D f~ FI!Vl' CCIJl' • twCAMI !1!3BR'o'MR 13,439,000 1.1,:!1)9,000 21,""95,000 
(staglo~ an4 \\Ual.·JRU"POll' vr'C'.:ecto) .. D!l'AIL'O £9l'IMA'l'E OF nll9!' CO!!I!.' • FISH Arl!:l IIILilLD'£ Alttl lt!:1Cfi2Aft0ll 

(Of;~) =uC::i¥fiaa 

m = :~r!ac.leD!Gdmmgc 
•• ft 900 1611,100 
t.a. 

1~:~ satct.al •l.a.lld COilto 
COntl~etec,l~! ~ 'I'Ol'AL·LAJIIDCOB'.I'S 

Lam eeqlllnltlOll expeD.IIe _hl!>Q 
TOrAL-LAfiDSANDDAJI.Im:S 2l.C,OOO 

(Ol.O} Reoervolra 

'·""' ~.800 tl.o dieariAg ''" !: c=~:~c~~ ~ 
' '· ... 

(1l!..O)Recreet1oatacillt1es 
•· Aeccn:~o rmtLi lllil PGi'£ l'Q04a L.S, '1"95,000 

'· flU'l.li!EI8re8G r..s. 1~5,000 .. PiCDlc !tldlltl" L.S. ~7,000 

:0 .. VBteroV¥ t.s. 185,000 ... 511ftlte.~te.ctUt1e& L.ll. 166,500 
r. Boe.t la~U~cb11118 na:p r..s. 55,500 

•· VesrteUnltlp1'on!cillntll t.s. '17,000 

g: '· ... u L.S. 1,~::®: Sllbtotal • recreo.tlonteciltUee 
COzlt1QBIIllcle&, 10$! 186 too 

'l'm'A!. • ~0~ FACILITIES 2,055,000 

c,o.ol Br!1neerl• and. 4ea!Jt! 1)8,000 

(J;oOj 8u~!!!"1D1011.llnd.lldl=lnillt.nLt1on __ !l!&!2!t 

t'OI'AL - BS'l'D!A'l'ED FIRS'l' caRS • FISH AND WILIILIPE ARD ~10lf 2.611.5,000 

c. Tm'AL • ""Zt'IMM'KD PRGJ11X:T FIRST cat'r' .t.l!,la39',000 $1.7,209,000 tz~,~~to,ooo 



TABlE Al-5 

SUMMARY OF FIRST COSTS 
PROPOSED ~ERNATE WATER CONSERVATION 

ONLY PROJECT TO YIELD 4 MGD 
NUECES RIVER 

(July 1, 1964, price level) 

A. First cost dam and reservoir: 

(01.0) Lands and damages 
(02.0) Relocations 
(03.0) Reservoirs (clearing) 
(04.0) Dam, concrete 
(20.0) Permanent operating equipment 
(30.0) Engineering and design 
(31.0) Supervision and administration 

Total estimated first cost (dam and 
reservoir) 

First cost of channel dam 
First cost of pipeline 

Total estimated first cost of project 

(Interest rate: 3-1/8~; amortization: 100 years) 

Construction period: 1 year 

B. Investment cost: 

1. First cost 
2. Interest during constructi.on 

Total investment cost 

C. Annual charges: 

1. Interest on investment 
2. Amortization 
3. Operations, maintenance, and replacements 

Total annual charges 

$81,000 
2,000 

46,600 
1,012,400 

10,000 
215,6oo 

90,400 

$1,458,000 
313,000 
58? ,000 

$2,358,000 

$2,358,000 
0 

$2,358,000 

$73,700 
3,6oo 

20,000 

$97,300 

Al.-5 



TABLE Al-6 

SUMMARY OF FIRST COSTS AND ANNUAL CHARGES 
PROPOSED RESERVOIR FOR RECREATION AND FISH-WILDLIFE ENHANCEMENT 

BLANCO RIVER 
(July 1964 price level) 

A. First cost: 

(01.0) Lands and damages (reservoir aqd 
recreation areas) 

(02.0) Relocations 
(03.0) Reservoir clearing (reservoir and 

recreation areas) 
(04.0) Dam 

(a) Embankment 
(b) Spillway 
(c) Outlet works 

(o8.o) Access roads 
(14.0) Recreation facilities 
(19.0) Buildings, grounds, and utilities 
(20.0) Per.manent operating equipment 
(30.0) Engineering and design 
(31.0) Supervision and administration 

Total estimated first cost of project 

(Interest rate: 3-1/8~; amortization: 100 years) 

Construction period: 4 years 

B. Investment cost: 

l. First cost 
2. Interest during construction 

Total investment cost 

c. Annual charges: 

1. Interest on investment 
2. Amortization 
3. Operations, maintenance and replacements 

Total annual charges 

Al-6 

$1,676,000 
175,000 

251,000 

3,233,000 
4,945,000 
1,685,000 

13,000 
2,055,000 

215,000 
123,000 

1,138,000 
871,000 

$16,380,000 

$16,380,000 
1,024,000 

$17,404,000 

$543,900 
26,300 

14o,ooo 

$710,200 
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Construction period, years 

Firat coats, dollars 
Investment coats, dollars 
.Annual charges, clol.lars 
.Annual maintenance and operation, dollars 
Increased recharge, acre-feet 8DDU8lly 
Dependable yield, acre-feet anaually 
Dependable yield, million gallons daily 
Dependable yield, thousand gallons enm•al 1 y 
Increased recharge 1 thousand gallons 8liD\I8l.l.y 
'l'otal aDI1U&l. benefits, dollars 

50-Yr. 
Flood 

Control 

5 

30,755,000 
33,158,000 
1,130,300 

44,100 

602,100 

TABLE Al-7 

.ALI.OCA!l!IOB O'P CC6'l'S 
(SEPARABLE Ca:l'l'S-RDCADIBJ BI51'W'l1'S MmiOD) 

II)Rrm.L RESERVOIR 
(July 1964 price level) 

sl!gle-purpose 

water 
:Fish & Wildlife: 

and 
Ccmsern;ton : Recharse : Recreation 

Pl5Rl'lltt00: IliPOllfA'l'IO!f 

5 

1,458,100 31,370,000 
1,458,100 33,821,000 

51,00 1,153,000 (1) 
3,.00 45,000 

26,6oo 
4,:00 

~ 

1,401.,65 
8,667,051(2) 
1,010,500 101,500 

Multiple
;purpose 

5 

31,645,000 
34,117,000 
1,191,500 

13,800 
26,6oo 
4,300 

4 
1,40l.,o65 
8,667,051 

Triple-purpose 
Flood Control, Flood Control,: Flood Control., :Water Conservation, 

:Water Conservation, Recharge, and:W&ter Conservation,: Recharge and 
and Recharle Recreation : 8114 Recreation Recreation 

5 5 5 5 

31,370,000 31,645,000 31,130,000 31,645,000 
33,821,000 ~,111,000 33,562,000 34,117,000 
1,165,500 1,179,000 1,159,900 1,179,000 

57,500 61,300 6o,4oo 61,300 

42,:00 1,756,4oo 
Plood control storage, acre-feet 225,100 ~ 239,300(3) Recharge storage, acre-feet - 239,300 

1,()() Water conservation storage, acre-teet 1,000 
Sediment storage, acre-feet 12,000 1,·50 12,000 12,000 
'l'otsl storage, acre-feet 231,100 2,·50 251,300 252,300 

COS".r ALLOCA'l'IOE 

Allocation ot armual. charses 1 dollars 
42,100 1,756,4oo 

SPBCD'IC COSTS 1. Benefits 602,100 1,010,500 101,500 
2. .Alternate cost 1,130,300 51,~ 1,153,000 (1) Pu!]!OSS J\mOUDt (dollars) 
3· Benefits limited by alternate cost 602,100 42,:00 l,<D.0,500 101.,500 
4. Separable costs 12,500 12,i00 31,6oo 26,000 82,6oo Recreation1 F.l.sh & Wildlife 
5· Remaining benefits 589,6oo 29,i00 978,900 154500 1,613,800 
6. Percent distribution of item 5 35.23 1'18 58.48 ·51 100 First cost 215,000 To Allocated .1o1nt cost ~,TOO 19,'00 648,500 50,000 1,108,900 
8. 'l'otal allocation 3,200 32,00 68o,100 76,000 1,191,500. Operation, lllaintenance & replacements 16,300 9· Percent c11stribution of item 8 33.84 2'10 57.08 6.38 100 

ADnual. charges 26,000 AllocatiCIIl of S!!ration and maintenance costs1 dollars 
10. Separable costs 12,500 12,00 13,4oo 16,300 54,700 Pipel.ine u. Percent .1o1nt costs, item 6 35.23 1'18 58.48 ·51 100 
12. .Allocated .1o1Dt costs 6,700 00 11,200 900 19,100 First cost 900,900 13. 'l'otal allocation 19,200 12,00 24,6oo 17,200 13,800 
14. Percent distribution of item 13 26.02 11~ 33·33 23·31 100 Operation, lllaintenance & replacements 16,6oo 

Allocation of initial iavestment 1 dollars ADnual. charges ( t.) 46,000 15. .Allocated annual charges 4o3,200 32,00 68o,100 76,000 1,191,500. 
16. .Allocated OIM costs 19,290 12,00 21J,6oo 17,200 73,800 
11· Belllainder ~000 19,00 655,500 58,800 1,117,700 
18. Percent distribution ot iteza 11 .)6 113 . 58.65 5.26 100 
19. .Allocated investmezm 11,723,000 ~,oo 20,01.0,000 1,794,000 34,117,000 
20. .Allocated first costs 10,813,000 1,00 18,560,000 1,665,000 31,645,000 

Ratio of annual benefits to allocated annual charges lo5 ·3 1.5 1.3 1.5 

.Allocated costs of water 
Increased recharge cost per thousand gallons, dollars 0.078 
Downstream water ,supply cost per thousand gallons, dollars 

(less pipeline) 0.023 
Dotmstream water supply cost per thousand gallons, dollars 

0.056 (including pipeline) 

Excess benefits over annual charges1 dollars 564,900 

JI7J.'E: 

!ll Annual charges for single-purpose recreation pro,1ect ass1.1111ed to exc:d annual benefits. 
2 lfet increase in average armual. recharge. . 
3 Joint storage for flood control and recharge. 
4 Pipeline costs and benefits amounting to $46,000 allitted f'l'CIII alloclion. 

Al-1 



Item 

Construction period· (years) 

INVESTMENr COSTS 

Estimated first cost 
Interest during construction 

Total investment 

ANNUAL CHARGES 

Interest on investment 
Amortization 
Operation, maintenance and replacement 

Total annual charges 

INVmTMENT cSTS AND ANNUAL CHARGES 
1 

MO~ RmERVOIR 
(Interest rate: 3-18~ - Amortization: 100 years) 
· (July '.964 price level) 

(Iril,OOO dollars) 

Single-pu.rpose Triple-purpose : )fultiple-pu.rpose : Specific costs 
:50-yr Flood:· water :. F.c.,w.c., :F.c.,Recbarge, :F.c.,w.c., &:w.c., Recharge:F.c.,w.c.,Recharge: Water 

Control :Conservation: Recharge :Recreation Recharge & Recreation : Recreation & Recreation & Recreation :Recreation:Conservation** 

5 

30,755·0 
2,lr.o3.0 

33,158.0 

1,036.2 
50.0 
44.1 

1,130·3 

45.6 
2.2 
~ 

51.2 

5 

31,370.0 
2,451.0 

33,821.0 

1,056.~ 
51.1 
45.0 

1,153.0 

* 

* 

5 

31,370.0 
2,451.0 

·33,821.0 

1,056-9 
51-1 
57-5 

1,165.5 

5 

31,645.0 
2,472.0 

34,117.0 

l,o66.2 
51-5 
61.3 

. 1,179.0 

5 

31,130.0 
2,432.0 

33,562.0 

l,o48.8 
50·7 
60.4 

1,159·9 

5 

31,645.0 
2,472.0 

34,117.0 

l,o66.2 
51-5 
61.3 

1,179.0 

5 

31,645.0 
21472.0 

34,117.0 

l,o66.2 
51-5 
73.8 

1,191·5 

5 

275.0 
21.0 

296.0 

9-3 
0.4 

~6.3 

26.0 

9()0.0 

90().0 

28.,1 
1.3 

16.6 

46.0 

* Annual charges for alternate recreation project assumed to exceed annual benefits. 
** Channel dam and pipeline for downstream water supply. 

Al-8 R 4-1-65 
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TABLE Al-9 

ALLOCATION OF COSTS 
(SEPAIU BLE CCSTS-.RI!MAIHIRl BElW'l!L'S M&rHOD) 

COICAB RESIBVOIR 
(Jucy 1964 price lev~) 

----~~~--------=S:i~~~e~·FUic:~OS~~--------------~--
50-Year 

Flood Control 

Construction period, years 

First coats, dollars 
Investment costa, dollars 
Annual charges 1 doll.uts 
Annual maintenance and operation, dollars 
Increased reCharge, acre-feet annually 
Increased recharge 1 thousand gallons annually 
Total arinua1. benefits, dollars 
Flood control storage, acre-feet 
Recharge storage, acre-feet 
Sediment storage, acre-feet 
Total storage, acre-feet 

Allocation of annual cha.rges, dollars 
1. Benefits 
2 o Alternate cost 
3o Benefits limited by alternate co~t 
4 o Separable costa 
5o Remaining benefits 
6o Percent distributio~ of item 5 
7 o · Allocated Joint cost 
8 o Total allocation 
9o Percent distribution of item 8 

Allocation of operation and maintenance coats, 
10. Separable costs 
llo Percent Joint costa, item 6 
l2o Allocated Joint costa 

. 13. · Total allocation 
l4o Percent distribution of item 13 

Allocation of initial investment, dollars 
15 o Allocated annual charges 
16 o Allocated O&M costs 
17 o Remainder 
l8o Percent distribution of item 17 
19 o Allocated investment 
20 o Allocated first costs 

59,300 
141,200 

7,800 
149,000 

dollars 
11,700 

7.68 
2,000 

13,700 
25o00 

Ratio of annual benefits to allocated annual cha.rgea lol 

Allocated increased recba.rge cost per 1000 gallons, dollars 

Excess benefits over annual charges, dollars 

Reeba.rge 

15,578,000 
16,552,000 

580,500 
38,300 
21,500· 

7,005,324 
816,8oo 

141,200 
7,800 

149,000 

816,8oo 
580,500 
580,500 
14,700 

565,800 
91.32 

516,700 
531,4oo 

88.64 ! 

11,700 
91.32 

24,300 
36,000 
65.69 

531,4oo 
36,000 

495,4oo ! 

90·95 
15,123,000 
14,234,000 

1.5 

. Recreation 

* 

ccm ALI.C?CA;r;OBB 

13,500 

* 13,500 
1,300 
6,200 
1.00 

5,700 
13,000 

2;17 

4,800 
1.00 

300 
5,100 
9·31 

13,000 
5,100 
7,900 
1.45 

241,000 
227,000 

1.0 

.: Annual charges for single-purpose recreation project assumed to be greater th~ annual benefits o 
Joint storage for flood control and recharge. j 

Multiple
purpose 

15,650,000 
16,628,000 

599,500 
54,800 
21,500 

7,005,324 

~ 
889,6oo 

889,6oo 

33,700 
619,6oo 

100 
565,8oo 
599,500 

100 

28,200 
100 

26,600 
54,800 

100 

599,500 
54,8oo 

544,700 
100 

16,628,000 
15,650,000 

1.5 

Oo076 

290,100 . 

Dual.-purpoae 
:50-Year Flood Control :50-Year Flood Control: Recbarge 

aDd Recreation and Recharge and Recreation 

4 

15,563,000 
16,536,000 

584,8oo 
43,100 

Recreation 

Firat cost 

15,578,000 
16,552,000 

592,200 
50,000 

SPECIFIC CQJTS 

Pllrpose 

Operation, maintenance, and 
replacements 

Annual charges 

Al-9 

15,650,000 
16,628,000 

587,800 
4~,100 

Amount (dollars) 

72,000 

4,800 

7,300 

R 4-1-65 
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Item 

Construction period (years) 

INVESTMEHT COSTS 

Estimated first cost 
Interest during construction 

Total investment 

AimUAL CHARGES 

Interest OD investment 
Amortizatiou 
Operation, ma.intenance and 

replacemcts 

Total annual charges 

TABLE Al-10 

IliVESTMENT COSTS ARD AmruAL CHARGES 

COliCAH RESERVOIR 

(Interest rate: 3-1/&/> - Amortization: 100 years) 
(July 1964 price levels) 

(In 1,000 dollars) 

S1nde-PUrPOse n.tal-PUrPOae 
:50-yr Flood : 50-yr F.c. Recharge & : 50-yr F.c. 

Control Rechar&! Recreation & Recharse Recreation & Recreation 

4 4 4 4 4 

15,491.0 15,578.0 * 15,578.0 15,650.0 15,563.0 
968.0 974.0 974.0 978.0 213·0 

16,459.0 16,552.0 16,552.0 16,628.0 16,536.0 

514.3 517·2 517.2 519.6 516.7 
24.9 25.0 25.0 25.1 25.0 

38·3 38·3 20.0 43.1 43.1 

577·5 58o.5 * 592·2 587.8 584.8 

t. *AJmuaJ. charges for alterDII.te recrea.tion proJect asiiWZied· to exceed annual benefits. 
I 

"' VI 

:Mbltiple-purpose : 
:50-yr F.c.,Rechg : 

and Specific cos· ;s 
Recreation for Recreatior. 

4 4 

15,650.0 72.0 
9]8.0 4.0 

16,628.0 76.0 

519.6 2.4 
25.1 0.1 

24.8 4.8 

599·5 1·3 



"'~· --------------~====----------------------------------------------------~~~~--------------~--------------------------------------------------------------------------------------------~--~ 

TABLE Al-ll 

! ~ION OF COOTS 
(SEPARJBLE cOOTs-REMAtm:m BEBEFfi's MmiOD) 

SABINAL RESERVOIR 
(July 1964 price level) 

-----=~~--------=Si~ng~l~e~-p~~~~~e ________________ ___ 
50-Year 

Flood Control Recl!arge Recreation 

PERI!INE!ff IHFOm.IATION 

Construction period, years 3 3 

First costs, dollar~ 10,859,000 ll' 341' ()()( 
Investment costs, dollars 11,368,000 11,873, ()()( 
Annual charges, dollars 405,800 423,4<x * 
Annual maintenance and operation, dollars 33,4oo 34,4<x 
Increased recharge, acre-feet annually 15,801 
Increased recharge, thousand gallons annually 5,148,091 
Total annual benefits, dollars 46,300 6oo,l01; 13,500 
Flood control storage, acre-feet 8o,4oo 
Recharge storage, acre-feet 89,101 
Sediment storage, acre-feet 4,200 4,201 
Total storage, acre-feet 84,6oo 93,301 

COOT ~IONS 

Allocation of annual Cha!:fies 1 dollars 
1. Benefits 46,300 6oo,101 13,500 
2. Alternate cost 4o5,800 423,4<x * 
3· Benefits limited by alternate cost 46,300 423,4<x 13,500 
4. Separable costs 10,000 27,5()( 7,300 
5· Remaining benefits 36,300 395,9()( 6,200 
6. Percent distribution of item 5 8.28 90·~ 1.41 
1· Allocated joint cost 32,800 357,4<x 5,600 
8. Total allocation 42,800 384,9()( 12,900 
9· Percent distribution of item 8 9.n 87.31 2·93 

Allocation of ~ration and maintenance costs 2 dollars 
10. Separable costs 10,000 11,()()( 4,800 
11. Percent joint costs, item 6 8.28 90·~ 1.41 
12. Allocated joint costs 2,000 21,101 300 
13. Total allocation 12 000 32,101 5,100 
14. Percent distribution of item 13 24.39 65.21 10.37 

Allocation of initial investment 2 dollars 
15. Allocated annual charges 42,800 384,9()( 12,900 
16. Allocated O&M costs 12,000 32,101 5,100 
17. Remainder 30,800 352,801 7,8oo 
18. Percent distribution of item 17 7.87 90.11 1.99 
19. Allocated investment 94o,ooo 10, 770,0()( 238,000 
20. Allocated first costs 898,000 10,288,001 227,000 

Ratio of annual benefits to allocated annual cha~es 1.1 l.l 1.0 

Allocated increased recha~e cost ~er 1000 sallonsz dollars 

Excess benefits over annual cha;ses 2 dollars 

*Annual charges for single-purpose recreation project assumed to be greater 1mn annual benefits. 
**Joint storage for flood control and recharge. 

~ 

lthll.tiple-
1!UlJ!OSe 

3 

ll,413,000 
ll,94B,ooo 

44o,6oo 
49,200 
15,8oo 

5,1118,098 
659,900 
89,100** 

4,200 
93,300 

659,900 

44,800 
438,400 

100 
395,800 
44o,6oo 

100 

25,800 
100 

23,4oo 
49,200 

100 

44o,6oo 
49,200 

391,400 
100 

11,948,000 
11,413,000 

1.5 

0.075 

219,300 

DU81-purpose 
:50-Year Flood Control:50-Year Flood Control: Recharge 

and Rechal'ge and Recreation and Recreation 

3 3 3 

ll,34l,OOO 10,931,000 ll,413,000 
ll,873,000 ll,443,000 11,948,000 

433,300 413,100 430,600 
44,4oo 38,200 39,200 

SPECIFIC CCBl'S 

Pul'pose AmouJit {dollars) 

Recreation 

First cost 72,000 

Operation, maintenance 
and replacements 4,8oo 

Annual charges 7,300 
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TABLE Al-12 

DNESTMElfl' COSTS ABD ANNUAL CHARGES 

Item 

Construction period (years) 

Estimated first cost 
~ Interest during construction 
I 

li) Total invest:ent 

AJmUAL CHARGES 

Interest on investment 
Amortization 
Operation, maintenance and 

replacements 

Total annU&l. charges 

SABinAL RESERVOIR 

(Interest rate: 3-1/&f, - Amortization: 
(July 1964 price levels) 

(In 11 000 dollars) 

StnR] e-purpoae 
:50-yr Flood : 50-yr F.C. 

Control Recharse : Recreation 8o Recharse 

3 3 3 

10,8;9.0 11,341.0 * 11,341.0 
2Q2.0 ~jg.O ~jg.O 

11,368.0 11,673·0 11,873·0 

355.2 371.1 371.0 
17.2 17.9 17.9 

33·4 34.4 44.4 

405.6 423.4 * 433·3 

*Annual charges for alternate recreation project assumed to exceed annual benefits. 

100 years) 

ruaJ. -purpose 
Recharge : 50-yr F .c. and 
and Rec. Recreation 

3 3 

11,413.0 10,931.0 
~3~·0 ~12.0 

11,948.0 11,443.0 

373·4 357·6 
16.0 17·3 

3~·2 36.2 

430.6 413.1 

MUltiple-purpose 
50-yr F.C. 
Re..:harge Specific costs 

and Recreation for Recreation 

3 3 

11,413.0 72.0 
535.0 4.0 

11,948.0 76.0 

373·4 2.4 
16.0 0.1 

49.2 4.6 

440.6 1·3 



TABLE Al-13 

.ALLOCATION OF COSTS 
(SEPARABLE CC8TS-RDIADINO BElW'Ii'S METHOD) 

CLOPriJf CROSSIHG RESERVOIR 
(July 1964 price level) 

. . . . 
: 75-Yr J'l.ood :Maximum Water: Recreation -
' Coutrol. :Conservation : Fish & Wildlife 

----------------------------------------------------------~ 

Constntction period, years 

First costs 1 dollars 
Investment costs, dollars 
AlmuaJ. charges, dollars 
AlmuaJ. maintenance ar.ul operation, dollars 
Dependable yield, acre-feet annually 
Dependable yield, million gallons daily 
Dependable yield, thousand pl.J.ons annuall.y 
Total annual benefits, dollars 
Flood control storage, acre-feet 
Water conservation storage, acre-feet 
Sediment storage, acre-feet 
Total storage, acre-feet 

Allocation of annual cha!Jes, dollars 
1. Benefits 
2. Alternate cost 
3· Benefits 11mited by alternate cost 
4. Separable coats 
5. Remaining benefits 
6. Percent distribution of item 5 
7. Allocated joint cost 
8. Total allocation 
9· Percent distribution of item 8 

13,439,000 
14,279,000 

504,800 
31,000 

659,000 
114,700 

9,200 
123,900 

659,000 
504,800 
5()11.,800 
182,200 
322,6oo 

25.65 
no,6oo 
292,8oo 

28.27 

Allocation of o.peration and maintenance costs, de!!!!:! 6oo 
10. Separable costs 22, 
11. Percent joint coats, item 6 ~5.65 
12. Allocated joint costs ... , 700 
13. Total allocation 27,300 
1~. Percent distribution of item 13 1,..76 

Allocation of initial investment, dollars 
15. Allocated annual charges 
16. Allocated O&M costs 
l 7. Remainder 

271,200 
9,200 

28o,4oo 

2~1ooo 
~.65 
6,4oo 

30,4oo 
16.43 

16,380,000 
17,4o4,ooo 

710,200 
14o,ooo 

1,285,800 -
l33,4oo 

9,200 
142,6oo 

1,285,8oo 
710,200 
710,200 
212,100 
498,100 

39·70 
171,100 
383,200 

37.00 

120,000 
39·70 
7,300 

127,300 
68.81 

383,200 
127,300 
255,900 

2,597,8oo 

6o4,6oo 
1,255,4oo 

100 
431,100 

1,035,700 
100 

166,6oo 
100 

18,4oo 
185,000 

100 

1,035,700 
. 185,000 

19,090,000 
20,283,000 

825,4oo 
161,000 

SPECIFIC COSTS 

21,795,000 
23,157,000 

B23,6oo 
65,000 

18. Percent distribution of item 17 
19. Allocated investment 

292,8oo 
27,300 

265,500 
31-21 

8,105,000 
7,628,000 

359,700 
30,4oo 

329,300 
38-71 

10,052,000 
9, "61, 000 

3Q.08 
7,8U,ooo 
7,351,000 

850,700 
100 

25,968,000 
24,44o,ooo 

Pllrpose .Amount (dollars) 

20. Allocated first costs 

Allocated unit constntction cost 
of O&M dollars 

Flood coutrol storage 
Water conservation storage 

Allocated water suJ!P].y cost per 1000 gallons, dol ;an 

Excess benefits over annual ch!rges, dollars 

1.8 

1,562,100 

Recreation, Fish and Wildlife 

First cost 

Operation, maintenance, 
and replacements 

Annual charges 

Al-13 

2,645,000 

120,000 

212,100 

R 4-1-65 



Item 

Construction period (years) 

DNES'n-IENT COSTS 

Estimated first cost 

Interest during construction 

Total investment 

ANNUAL CHARGES 

Interest on investment 

Amortization 

Oper., l'.aint. 1 & Replacements 

Total annual charges 

TABLE Al-14 

TINES'lMENT COSTS AliD ANNUAL CHARGES 
CLOPTIN CROSSING RESERVOm 

(Interest rate: 3-l/8~ - Amortization: 100 years) 
(July 1964 price levels) 

( In 1000 dollars) 

Single-purpose DUal-purpose 

75-yr. F.C.: !-lax. W.C. Rec., F&W 
75-yr. F.C. 75-yr. F.C.: Max. W.C. 
& Max. W.C. & Rec.,F&W & Rec.,F&W 

4 

13,439-0 

840.0 

14,279·0 

4116.2 

21.6 

31-0 

504.8 

4 

17,209·0 

1,076.0 

18,285.0 

571.4 

27-6. 

~~.o 

645.0 

4 

16,38o.o 

1,024.0 

17, 404.o 

710.2 

4 

21,795-0 

1,362.0 

23,157·0 

723·7 

34·9 

65.0 

823.6 

4 

1,193-0 

20,263.0 

633.8 

30.6 

161.0 

825.4 

4 

19,854.0 

1,241.0 

21,095·0 

659-2 

31.9 

162.4 

853-5 

MUltiple-~urpose: 
75-yr. F .• ,Ma:X.: 
w.c. & Rec. ,F&W 

4 

24,440.0 

1,528.0 

25,963.0 

811.5 

39-2 

1.85.0 

1,035·7 

spec me 
costs 

(Rec.,F&W) 

4 

2,810.0 

120.0 

212.1 
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TABLE Al-15 

COST SHARDIG FOR RECREATION AND FISH AriD WILDLIFE 

Item 

. b. All.ocated Construction Costs for Recreation 
ana Fish Biid wilmi'e 
(1) Specific costs 
{2) Joint coots 
(3) Other costs {Separable less specific) 
(4) Total 

c. Cost-Sharinfm:Under H.R. 9032 
(i) Non-Re bUrsables (Federal) 

(a) Specific coots 
(b) Joint costs 
(c) Limit on Joint costs under H.R. 9032 
(d) Other costs 
(e) Limit on other costs under H.R. 9032 
(t) Federal costs (Non-reimbursable) 

(2) Reimbursables (Non-Federal) 
(a) Excess of joint costs over limit 
{b) Excess of other coots 
(c) Non-Federal costs {Reimbursable) . 

Monte it 
50-yr Flood Control, 

Rech.Br~, and 
\later Com;ervation 

$31,645,000 
275,000 

31,376,006 

275,000 
929,000 
461,000 

1,665,000 

275,000 
929,000 

5,705,000 
461,000 

51ooo1ooo 
.1,665,000 

Concan 
Joint-Use 

Flood Control 
and Recharge 

$15,650,000 
72,000 

l5,57B,ooo 

72,000 
17,000 
~,ooo ,060 

72,000 
17,000 

3,331,000 
138,000 

3,894,000 
227,600 

sab!Dii 
Joint-Use 

Flood Control 
and Recharge 

$11,413,000 
72,000 

ii,34t,ooo 

72,000 
14,000 

141,000 
227,006 

72,000 
14,000 

2,701,000 
141,000 

2,835,000 
227,060 

Cloptln Cross!Dg 
75-yr 

: Flood Control 
: Vater Conservation 

$24,44<>,000 
2,645,000 

21,795,600 

2,645,000 
1,257,000 
3,~,ooo 7, ,600 

2,645,000 
1,257,000 
4,269,000 
3.449,000 
52ooo1ooo 
7,351,600 



ATTACHMENT 2 

REPORT BY PUBLIC HEAilrH SERVICE 



·l 
''''l , . 

.t 
.t 
t' 

WATER SUPPLY 

AND 

WATER QUALITY CONTROL STUDY 

EDWARDS UNDERGROUND RESERVOIR 

TEXAS 

Study of Needs and Value of Storage 
For Municipal and Industrial Water Supply 

and Water Quality Control 

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Public Health Service, Region VII 

Dallas, Texas 

FEBRUARY 1965 



WATER SUPPLY 

AND 

WATER QUALITY CONTROL STUDY 

EDWARDS UNDERGROUND RESERVOIR 

TEXAS 

Abstract 

An investigation has been carried out which discloses the 
need for and value of storage for municipal and industrial 
water supply in the proposed Cloptin Crossing, Mantell, Con
can, and Sabinal Reservoirs. The latter three reservoirs are 
to be used to recharge the Edwards limestone fault zone aquifer 
which provides municipal and industrial water supply. A 
portion of the immediate and future needs for water in the 
study area can be satisfied from storage in these projects. 
The investigation further found need for water quality control 
in the San Antonio River downstream from San Antonio. Eco
nomic and demographic studies revealed a potential for in
creased industrial development and population growth, and 
serve as the foundation for the projected needs. 
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I. INTRODUCTION 

Request and Authority 

In a letter dated November 30, 1962, the U.S. Army Engineer 
District, Fort Worth, Texas, requested that the Department of 
Health, Education, and Welfare make necessary studies " ... to 
determine the estimated water needs and value of the water for the 
area included in the authorized study (the Edwards·Underground 
Reservoir area of Texas) .••. " This study is in accordance with 
provisions of (1) the Federal l.Jater Pollution Contro 1 Act, as 
amended (33 U.S.C. 466 et seq.), and (2) a Memorandum of Agreement 
between the Department of the Army and the Department of Health, 
Education, and Welfare.dated November 4, 1958. 

Purpose and Scope 

The purpose of the study is to estimate the water requirements 
for municipal and industrial and water quality control purposes in 
the Edwards Underground Reservoir area of Texas and the surrounding 
study area to the year 2075. Estimates are also made of the value 
of benefits attributable to the Federal reservoir projects which 
will provide storage of water for these purposes. 

In addition to determ.!.ning requirements, an area-~~ide plan 
for supplying these needs is developed, which provides for orderly 
and efficient utilization of potential water resources within the 
area, and gives full recognition to all permits, commitments, and 
agreements executed by local interests. 

Acknowledgments 

The cooperation of many persons and agencies is gratefully 
acknowledged. Special appreciation is expressed to the following: 

Bureau of Business Research, University of Texas, 
Austin, Texas 

Texas State Department of Health, Austin, Texas 
Texas Water Commission, Austin, Texas 
U.S. Army Engineer District, Fort Worth, Texas 
U.S. Department of Agriculture, San Marcos, Texas 
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II. SUMMARY OF FINDINGS AND CONCLUSIONS 

Summary of Findings 

1. The study area comprises 14 counties in south 
Texas, 7 of which are in part underlain by the 
Edwards Underground Reservoir. It is generally 
coincident with the upper portions of three 
river basins: the Guadalupe, the San Antonio, 
and the Nueces. 

2. The Edwards and associated limes tones rank with 
some of the best aquifers in the country. The 
exceptionally high transmissibility of the fault 
zone aquifer permits the movement of ground water 
from one river basin to another. 

3. The economy of the study area is highly diversified. 
Agriculture and manufacturing together accounted 
for 15.4 percent of the labor force in 1960. 

4. The San Antonio Standard Hetropo litan Stat is tical 
Area (SHSA) accounts for over 80 percent of the 
water use in the study area. 

5. The t-.7ater quality of the existing and firmly 
planned sources is acceptable for municipal, indus
trial, and agricultural uses. 

6. The project design incorporates the following base 
streamflows in the system: (a) MJst severe 
drought of record for reservoir (surface and ground) 
yields as determined by the Corps of Engineers, 
and (b) monthly low flows with an exceedence of 
95 percent for calculating water quality control 
needs. 

Conclusions 

1. To insure continued growth, careful planning for 
efficient development of all of the study area's 
water resources is essential. Realization of the 
full potential of these resources for municipal, 
industrial, agricultural, and recreational purposes 
will be possible only if present and future pollu
tion in the area is controlled. Since presently 
knotm methods of waste treatment cannot accomplish 
this control, some means of maintaining minimum 
quality conditions in the area's waters must be 
made a part of the water supply plan. 

Il-l 
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3. 

The study area's population is expected to grow 
to 2,950,000 by the year 2025, and 4,620,000 by 
the year 2075, from a base of 846,000 in 1960. 

Estimated future municipal and industrial water 
supply needs for the study area are 689 million 
gallons per day (mgd) in the year 2025 and 1,167 
mgd in 2075. 

4. With the water supply plan as presented herein, 
the potential water resources located within the 
study area are sufficient to satisfy all estimated 
area municipal and industrial water requirements 
until the year 2000. The addition of the tenta
tive quanti.ty of 180,000 acre-feet per year (161 
mgd) from the proposed Cuero Reservoir (Guadalupe 
River, mile 110.8) will provide sufficient water 
to supply all municipal and industrial needs until 
the year 2018, at which time the area would.become 
deficient. The projected irrigation needs to this 
time will be satisfied from direct use of municipal 
and industrial return flows. 

5. To maintain water quality in the San Antonio River 
downstream from the study area will require a 
draft-on-storage of 123,000 acre-feet per year in 
the year 1970; 280,000 acre-feet per year in the 
year 2025; and 454,700 acre-feet per year in the 
year 2075, assuming 85 percent removal of biochem
ical oxygen demand (BOD) and a low streamflow with 
a recurrence interval of 20 years. No source of 
water to meet this requirement was found in. the 
study area ; therefore, maintenance of good water 
quality in the San Antonio River will be contingent 
on development of highly efficient advanced waste 
treatment and water reuse techniques. 

6. The three proposed recharge reservoirs will have 
no effect on the quality of the Edwards Underground 
water, since the waters to be impounded to recharge 
the aquifer are from the same source streams as 
th~ present uncontrolled recharge water. 

II-2 
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7. Minimum annual project water supply benefits based 
on alternative costs (See Appendix) are as follows: 

Reservoir 

Cloptin Crossing 
Montell 
Concan 
Sabinal 

Water Supply Benefits 

$ 653,000 
1,098,800 

816,800 
600,100 

Since need for th~ project reservoirs is immediate, 
the above values have not been discounted. The 
value of benefits was determined as being equal to 
the cost of the most likely alternate source of 
water supply that would be used in the absence of 
the project. 
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III. PROJECT DESCRIPTION 

Location and Purpose 

The project consists of four reservoirs located in two river 
basins as shown in figure III-1 located at the back of this report. 
One of the proposed reservoirs, Cloptin Crossing, is a conventional 
multiple-purpose project located in the Guadalupe River basin. The 
remaining three, Montell, Concan, and Sabinal, all in the Nueces 
River basin, are designed to increase the yield of the Edwards lime
stone fault-zone aquifer through recharge. This recharge is to be 
accomplished by releasing waters from the joint storage pools for 
flood control and recharge purposes. These surface releases would 
be absorbed by the aquifer as they flow downstream through a zone 
where the streambeds and the· Edwards limestone aquifer are hydrauli
cally connected. 

Pertinent Data 

Pertinent data for the four project reservoirs are shown 
below in table III-1. Also included is the pertinent data for Dam 
Number 7 Reservoir which is recommended for local interest construc
tion. 

In addition, Canyon Reservoir at mile 303.0 of the Guadalupe 
River has been constructed by the Corps of Engineers. Deliberate 
impoundment began on June 16, 1964. This project has a conservation 
pool capacity of 366,400 acre-feet and a yield of 86.0 mgd. Other 
study area reservoirs with conservation pool capacities in excess 
of 5,000 acre-feet are Dunlap, McQueeney, and H-4, all power proj
ects in the Guadalupe River basin, and Medina Lake, an irrigation 
project in the San Antonio River basin. Although it is located 
outside the study area, the proposed Cuero Reservoir (Guadalupe 
River, mile 110.8} is expected to provide an additional water sup
ply of 161 mgd or 180,000 acre-feet per year to the study area. 



Reservoir 

Monte11 

Concan 

Sabinal 

Clop tin 
Crossing 

Dam No. 7 E.l 

' D 

River 
Mile 

401.6 

226.2 

42.3 

32.5 

351.3 

Table III-1 

Pertinent Data 

Conservation 
Storage 

Stream Basin {1,000 ac./ft.~ 

Nueces Nueces 1.0 

Frio Nueces 

Sabinal Nueces 

Blanco Guadalupe 274.9 

Guadalupe Guadalupe 640.5 

Increased 
Resources 

Joint-Storage for Dependable 
FC & Recharge Recharge Yield 
~1 2 000 ac./ft.~ ~!!!ad~ {!!!ad~ 

2_39. 3 23.7 4.0 ~/ 

141.2 19.2 

89.1 14.1 

38.0 

41.0 £1 

~/ Used to satisfy existing downstream appropriated water rights by passing the yield around the recharge 
zone via a pipeline. 

E.l Recommended for local interest construction. 

£1 Net increase of Canyon-Dam No. 7 Reservoir system over that yield determined for Canyon Reservoir 
without upstream development. 

Source: Corps of Engineers 11 

H 
H 
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Recharge Data 

The Corps of Engineers, in making routings for determining 
the yield of the Edwards fault-zone aquifer, used a control eleva
tion of 612 feet mean sea level (m.s.l.) in Bexar County Well 
H-26 (Beverly Lodges). See figure III-1 for the location of this 
observation well. This is considered the lowest safe water level 
in the aquifer and was previously reached in the year 1956, when 
the underground reservoir was dewatered to its lowest historical 
level. Chances are that lowering of the water level below this 
control elevation would increase the possibility of intrusion of 
highly mineralized water which is found to the south of the highly 
pumped zone in the San Antonio area. 

These routings indicate a recharge of 423,200 acre-feet per 
year through the routing period of 1935-1956 under existing con
ditions of recharge. With the recharge reservoirs in operation, 
the period recharge would be 487,100 acre-feet per year, which rep
resents an increase of 63,900 acre-feet per year. This increase 
is divided between spring flow and pumping as shown in table III-2. 

The proposed recharge reservoirs should have no effect on 
ground water quality in the Edwards limestone aquifer, since nat
ural recharge to the aquifer is from the same streams and in the 
same places. 
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Table 111-2 

Average Annual Discharge of Edwards Fault Zone 
Aquifer Through Period of Routing, 1935-1956 

MOde of Discharge 

Pumping 
Spring Flow* 
Total 

Existing 
Conditions 

234,000 
285,900** 
519' 900 

With Recharge 
Reservoirs 

263,000 
320,800 
583,800 

III-4 

Increase 

29,000 
34,900*** 
63,900 

*For purposes of this report, spring flow is assumed to consist 
of Comal, San Marcos, and Hueco Springs in the Guadalupe River 
basin; San Antonio and San Pedro Springs in the San Antonio 
River basin; and Leona Springs in the Nueces River basin. 

**Under assumed conditions of constant pumping of 234,000 acre
feet per year during period of routing. The total average annual 
spring flow for the period 1935-1956 was 352,400 acre-feet. 

***The increase of 34,900 acre-feet per year is divided among the 
springs as follows: (1) Comal, San Marcos, and Hueco Springs, 
17,600 acre-feet per year; (2) San Antonio and San Pedro Springs, 
13,300 acre-feet per year; and (3) Leona River Springs, 4,000 
acre-feet per year. 

Source: Corps of Engineers 1/ 
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IV. STUDY AREA DESCRIPTION 

General 

The study area comprises 14 counties, 7 of which are 
in part underlain by the Edwards Underground Reservoir of Texas. 
Also, the area is generally coincident with the upper portions of 
three river basins: the Guadalupe, the San Antonio, and the Nueces. 
(See figure III-1.) The study area, which comprises over 5 percent 
of the land area of the State of Texas, is located between 970 and 
1010 west longitude, and 29° and 30° north latitude, and includes 
the San Antonio SMSA. 

Geography 

Blanco, Comal, Kendall, Kerr, Edwards, Real, Bandera, and 
Hays Counties are located on the Edwards Plateau, which is a lime
stone highlands with deeply eroded valleys. The soils of the 
plateau are thin and stony, generally limiting agriculture to 
ranching. Caldwell and Guadalupe Counties are in the blackland 
prairie region, a gently rolling area which was originally a grass
lands but now supports cotton, corn, sorghums, small grains, and 
forages. Northern Bexar, Medina, Uvalde, and Kinney Counties are 
on the Edwards Plateau and their southern portions lie within the 
Gulf Coastal Plain region, which has deep sandy soil generally 
covered by mesquite and dwarf oak. This latter area is used pri
marily for raising livestock. 

The climate of the study area can best be described as vary
ing from semiarid to subhumid. The mean annual rainfall ranges 
from 22 to 39 inches. Average annual temperatures vary from 640 
to 69° and the average length of the growing season is 221 to 279 
days. 

Runoff within the area is characterized by large variations 
annually as well as seasonally. Due to the interchange between 
surface and ground waters, however, exact measurements of surface 
runoff are difficult to determine. In most streams, with the excep
tion of those whose base flows are spring-fed, periods of zero flow 
have been experienced. 

Characteristics of the Subareas 

The study area was divided into three subareas for the pur
pose of providing suitable size base areas for study, at the same 
time maintaining a reasonable degree of homogeneity of economic, 
water resource, and geographic factors. 

The principal characteristics of each of the subareas are 
shown in table IV-1. 
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Table IV-1 

Characteristics of the Subareas 

Item 

Counties 

Principal 
Cities 

1960 
Population 

Economy 

Topography 

Altitude 
(ft. m.s.l.) 

Annual Rainfall 
(inches) 

Mean Annua 1 Temp-

Sub
area I 

Blanco 
Caldwell 
Comal 
Guadalupe 
Hays 
Kendall 
Kerr 

Johnson City 
Lockhart 
New Braunfels 
Seguin 
San Marcos 
Boerne 
Kerrville 

112' 363 

Ranching 
Farming 
Oil 
Tourist 

Mountainous 
to level 
rolling 

600 to 1,850 

30.1 to 38.8 

erature (deg. F.) 64 to 68 

Growing Season 
(days) 221 to 269 

Source: A. H. Belo Corporation~/ 

Sub
area II 

Bandera 
Bexar 

San Antonio 
Bandera 

691,043 

Manufacturing 
Ranching 
Farming 
Tourist 

Hilly to 
undulating 

500 to 2,400 

27.9 to 29.0 

65 to 67 

250 to 279 

IV-2 

Sub
area III 

Edwards 
Kinney 
Medina 
Real 
Uvalde 

Rock Springs 
Brackettville 
Uvalde 
Sabinal 
Leakey 
Hondo 
Castroville 

42,566 

Ranching 
Tourist 

Rugged to 
rolling 
plains 

600 to 2,500 

22.0 to 28.6 

65 to 69 

222 to 274 
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V. WATER RESOURCES OF THE STUDY AREA 

Ground Water 3-11/ 

Ground water conditions in the study area are of primary im
portance, since three of the project reservoirs are to be used for 
ground water recharge. 

The geologic units in order of importance as aquifers in the 
study area are the Edwards and associated limestones, the Glenrose 
limestone, the Travis Peak formation of the Trinity group, and the 
Leona formation, the Austin Chalk, Hosston and Sligo formations, 
rocks of the Taylor and Navarro groups, the Carizzo sand, and the 
rocks of the Wilcox group. 

The Edwards is a dense, hard limestone, but on weathering the 
rock is extensively honeycombed and cavernous. Where it is exposed, 
conditions are favorable for a direct infiltration of rainwater and 
streamflow. Wells that penetrate fractures obtain large yields, 
but others may yield little or no water. Wells in the so-called 
Edwards limestone fault-zone aquifer yield 1,500 gallons per minute 
on the average. The exceptionally high transmissibility of the 
fault-zone aquifer permits the movement of ground water from one 
river basin to another. The Edwards limestone-Trinity sands aquifer 
supplies the base flow in many of the perennial streams which in 
turn supply much of the recharge of the fault zone. The Edwards 
limestone-Trinity sands under the Edwards Plateau, north and west 
of the fault zone, yield an average of 400 gallons per minute per 
well. 

The Glen Rose limestone crops out north of the Balcones fault 
zone and its yields are small to moderate. 

The Leona formation consists of alluvium and terrace deposits 
in the valleys of the major streams. Its importance as an aquifer 
is restricted to Leona River valley southeast of the city of Uvalde, 
where some wells yield enough water for irrigation. Evidently 
there is a hydraulic connection between Leona and Edwards formations 
in this area, and production from the Leona is dependent on the 
artesian head in the Edwards. 

The Cow Creek limestone of the Travis Peak formation yields 
moderate quantities of water in Comal and Kendall Counties. Near 
Uvalde, and locally near San Antonio, the Austin Chalk yields mod
erate quantities of water similar in chemical quality to the water 
in the Edwards limestone, suggesting a hydraulic connection (probably 
through faults). 

The Carrizo-Wilcox sands underlie the blackland south and east 
of the fault zone, and have available moderate quantities of water. 



The average yield per well in the Carrizo-Wilcox sands is 500 
gallons per minute. 

V-2 

Principal springs in the area are the Leona River Springs 
near Uvalde, San Antonio and San Pedro Springs at San Antonio, 
Hueco and Comal Springs at New Braunfels, and San Marcos Springs 
at San Marcos. During the 1955 to 1957 period, all of the springs 
except San Marcos ceased flowing during part of the time. 

Surface Water 

Records of the streamflow in the study area vary in length, 
from 47 years for the Frio River near Derby, Texas, to 1 year for 
Salado Creek at San Antonio. Discharge frequency analyses were made 
at various points along the several streams in the study area. The 
results of these analyses are shown in table V-1. 

Water Quality 

A resume of surface water mineral quality for the study area 
is presented in table V-2. The mineral quality of study area sur
face waters can be generally described as good. 

Ground water quality may also be generally described as good, 
except for high total dissolved solids in the Carrizo-Wilcox sands 
and high natural fluorides in some of the wells. Chemical charac
teristics of ground water are shown in table V-3. ~/ The recharge 
reservoirs should have no effect on ground water quality in the 
Edwards limestone aquifer, since the zones of recharge and sources 
of recharge water will not be changed. 
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Table V-1 

Discharge Frequency Analyses 

Annual Average Flow at 
Years Various Exceedence Intervals 

Drainage River of (cfs) 
Location Area sq. mi. Mile Record 50% 80% 90% 95% 98% ---

Guadalupe River at 
Comfort 836 397 22 98 58 36 23 10 

Guadalupe River near 
Spring Branch 1,282 334 39 192 94 64 47 33 

Guadalupe River above 
Comal River at New 
Braunfels 1, 516 281 33 320 116 63 44 26 

Comal River at New 
Braunfels 117 1.1 29 320 220 141 88 45 

Plum Creek near 
Luling 356 31 85 27 15 9 5 

Medina River near Pipe 
Creek 457 20 85 26 24 8 5 

Medina River near San 
Antonio 1,225 5.2 22 100 41 20 15 12 

Hondo Creek near Hondo 132 9 12 4 1 0 0 
Sabinal River near 

Sabinal 206 19 15 5 2 1 0 
Frio River at Concan 405 36 69 32 21 15 10 
Frio River near Derby 3,493 46 63 22 13 7 3 
West Nueces River near 

Bracketville 700 16 15 1 0 0 0 
Nueces River near Laguna 764 395 38 108 57 41 31 23 
Nueces River below Uvalde 

Creek 947 366 22 38 14 6 4 2 
Cibolo Crk. near Falls City 831 9 31 82 39 25 16 10 < 
San Antonio River below con- I 

w 
fluence with Medina River 36 76 38 27 21 16 

Source: Geological Survey 13 14/ 
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Table V-2 

Surface Water Mineral Quality 

Averase Values in ms/1 
Nwnber Total 

River of Dissolved 
Location Mile Samples Solids* Chlorides Sulfates 

Guadalupe River near Comfort 397 126 302 24 22 
Guadalupe River near New 

Braunfels 279 120 297 22 22 
Guadalupe River near Seguin 256 90 325 30 27 
N. Fork of Guadalupe River 

near Kerrville 425 110 261 20 12 
Comal Creek near New Braunfels 1 113 305 19 24 
San Marcos River near Luling 96 423 65 42 
San Marcos River near San Marcos 103 307 22 24 
Blanco River near Wimberly 102 263 21 25 
Cibolo Creek near Schertz 60 119 399 45 42 
San Antonio River near San 

Antonio 220 120 494 74 72 
San Antonio River between San 

Antonio and Falls City 181 127 496 76 83 
Medina River near Cas trov i 11e 45 109 312 24 52 
Medina River near San Antonio 8 119 481 68 98 
Nueces River near Laguna 395 111 252 21 14 
Nueces River near Tom Nunn 

Hill 366 114 264 24 24 
Frio River near Concan 224 109 302 20 16 
Frio River near Leon River 128 82 381 71 49 

* Residue at 105°C. < 
I 
~ 

Source: Texas State Department of Health 15/ 
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Table V-3 

Ground Water Quality (mg/ 1) 

Source 
City Blanco Kyle San Harcos Luling Lockhart Ne\.J Braunfels l-Iar ion San Antonio 

Item County: Blanco Hays Hays Caldwell Caldwell Comal Guadalupe Bexar 

Total Dis-
solved 
Solids 
(Residue 
at 105°C.) 570 490 357 1,240 415 284 588 296 

Hardness as 
CACOJ 491 367 305 8 209 250 400 244 

Calcium 93 78 38 2 59 70 120 69 

!>!agnes ium 63 42 20 1 15 18 24 18 

Sodium 22 21 12 470 71 9 6L; 16 

Iron .003 .4 .05 .08 .95 .10 .02 .13 

Sulfate 115 131 26 135 50 23 B 32 

Chloride 24 28 24 178 85 21 79 19 

Fluoride 3.2 3.2 0 .l 0.5 0.2 0.2 1.1 0.3 

Nitrate 8.0 .04 0.4 3.7 27.0 3.7 < 
I 

\.11 

Date 1/50 10/49 4/60 4/57 4/55 7/56 1/60 

Class of 
Analysis Typical Typical Typical Typical Typical Typical Average 

Source: Texas State Department of Health lJJ 
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VI. THE ECONONY 

Determination of future water requirements for the study area 
involves appraisal of the area 1 s population and industrial growth 
potential. Estimation of future growth patterns of the study area, 
therefore, are made by (l) a comparison of past trends between the 
study area, the State of Texas, and the United States on three basic 
measures; income, employment, and population, and (2) a detailed 
analysis of specific economic activity of agriculture, mining, and 
manufacturing, '"ith special eTI)phasis given to those industries which 
will have the greatest effect on future water requirements of the 
study area • 

Present 

Extractive Industries 

~lining 

The principal minerals in the study area are petroleum, 
natural gas, stone, sand and ~ravel, lime, and clays. A total of 
302.023,811 barrels of crude oil has been produced in the study area 
since petroleum Nas first discovered in 1889. The 1958 production 
of ~.:rude oil in the study area \o,~as 7,907,891 barrels, which was 0.86 
percent of the Statc 1 s production. _lli/ The value of mineral pro
due tion bet\.,ecn the years 1952 and 1.961 is shown in table VI-1. 

Table VI-1 

Value of Mineral Production 
in the Study Areal 1952-1961 
(l,OOO's of 1960 dollars) 

Total 
Study Sub- Sub- Sub-

Year Area area I area II area III 

1952 32,085 18,845.!/ 9,228 4 0121/ , -
1953 31,351 21,093 9' 135 1,123 
1954 39,602 23,966 13,265 2,371 
1955 43,373 25.072 15,663 2,638 
1956 44,095 25,492 15,840 2,763 
1957 37,816 23,813.!/ 13,392 6111/ 
1958 41,248 24,2701/ 16,462 516.!/ 
1959 49,780 25,644!/ 20,081 4,055 
1960 42,746 25,076!/ 16,932 738!/ 
1961 40, 2ll 21,037I/ 18,235 939!/ 

!ITo avoid disclosure of individual company ope cations, one county is 
not incLuded. 

'JjTo avoid disclosure of individual company operations, three counties 
.'lre not included. 

Source: Bureau of Nines .!&/ 
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Agriculture 

In terms of income and employment, agriculture is the leading 
extractive industry in the study area. Although agricultural employ
ment decreased 31 percent between 1950 and 1960, the value of agri
cultural output increased 32 percent. The value of farm products 
sold per agricultural employee has risen 91 percent in the decade 
between 1950 and 1960. As shown in table VI-2, agricultural output 
was valued at 69,674,063, 1960 dollars in 1959. lll The sale of 
livestock and livestock products accounted for over 77 percent of 
this value. Most of the income from livestock and livestock pro
ducts resulted from the sale of wool, mohair, beef, and poultry. 
An appreciable increase in cattle feeding in the study area has 
occurred in recent years. 

Major crops grown in the area include cotton, corn, grain 
sorghums, and vegetables. A shift of some cropland to pasture in 
order to accommodate a more diversified livestock program has 
occurred in recent years. Total irrigated land increased from 
21,331 acres in 1949 to 42,529 acres in 1959. Over 86 percent of the 
land was irrigated from ground water sources in 1959. 

Table VI-2 

Agricultural Statistics for the Study Area 
1944. 1949. 1954. and 1959 

~ 1944 1949 1954 

Number of Farms 15,397 13,930 13,026 
Land in Farms (1,000 acres) 8,319 8,340 3,299 
Cropland Harvested 

(1,000 acres) 725 728 498 
Pastureland (1,000 acres) 7,448 7,303 7,492 
Value of Livestock and 

Livestock Products Sold* 33,872 37,705 38,038 
Value of Crops Sold* 9,285 15, 193 9,384 
Value of Forest Products Sold* 99 72 50 
Total Value of Farm Products 

Sold* 43,256 52,970 47,472 
Number of Farms Irrigated 668 404 499 
Land in Irrigated Farms 

(1,000 acres) 272 735 
Irrigated Cropland Harvested 

(1,000 acres) 14 23 
Other Irrigated Land 

(1,000 acres) 7 18 

*All values in l,OOO's of 1960 dollars. 

Source: Bureau of the Census 11./ 

1959 

10,281 
7,511 

578 
7,354 

53,847 
15,743 

84 

69,674 
497 

663 

32 

11 
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Manufacturing 

Manufacturing employment in the study area increased 104 per
cent or 14,300 in the two decades from 1940 to 1960. This compares 
with a statewide increase of 154 percent for the same two decades. 
Although the study area exhibits a diversified manufacturing base, 
the bulk of the industries at present are engaged in the manufacture 
of textiles, food and kindred products, and fabricated metals. These 
industries accounted for about 65 percent of the manufacturing employ
ment in 1960. Other manufacturing industries worthy of mention 
include stone and clay, printing and publishing, furniture, and some 
nondurable goods. Data on manufacturing activities for the study 
area are shown in table VI-3 • 

Table VI-3 

Manufacturing Activity in the Study Area 
1939, 1947, 1954. and 1958 

~ 1939 1947 1954 

Number of Establishments 400 553 680 
Number of Employees 17,927 21,196 
Value Added by Manufacturing 

(l,OOO's of 1960 dollars) 59,520 96,880 138,840 

Source: Bureau of the Census 1§/ 

.!ill. 

696 
23,859 

182,346 

Generally an increase in employment, coupled with increased 
value added per employee, reflects favorably on the prospect for 
continued growth in the manufacturing industries. 

Service Industries 

Service industries constitute a large segment of the economic 
activity of the study area. They employed 63 percent and 79 percent 
of the total labor force in 1940 and 1960, respectively. The high 
1960 percentage in the study area can be attributed to relatively 
more employees in government and the large numbers of armed forces 
personnel based in the area • 

Labor Force and Employment 

Changes in the study area labor force between 1940 and 1960 
can be readily seen in table VI-4. The most notable changes in 
employment which occurred are: (1) An increase of manufacturing 
employment which is below the rate of increase for the State of Texas. 
Between 1940 and 1960, manufacturing employment increased 104 percent. 
Manufacturing employment accounted for 10.2 percent of the study area 
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labor force in 1960. (2) A decrease of workers in agriculture. The 
study area showed a decrease of 50 percent in agricultural employ
ment between 1940 and 1960, while Texas agricultural employment 
decreased 64 percent. (3) Unemployment has decreased from 13.6 
percent of the labor force in 1940 to 4.7 percent of the labor force 
in 1960. During the same period, total labor force has increased 
from 190,587 to 273,671. 

Table VI-4 

Labor Force and Employment Summary 
for the Study Area, 1940, 1950, and 1960 

Labor Force 
1940 1950 1960 

Per- Number Per- Number Per- Number 
.lli!!! ~ (1. 000 1 s) ~ ( 1,000' s) ~ (l.OOO's) 

Agriculture and Forestry 14.9 28.4 9.5 20.7 5.2 14.2 
Mining 1.1 2.1 1.0 2.2 0.9 2.5 
Manufacturing 7.2 13.7 10.0 21.8 10.2 28.0 

Resource Oriented 4. 7 8.9 5.7 12.4 5.4 14.9 
Furniture, Lumber and 

Wood Products 0.5 1.0 o. 7 1.5 0.6 1.9 
Primary Metals 0.5 1.0 0.2 .4 0.2 .5 
Food & Kindred Products 2.3 4.3 2.9 6.4 2.9 8.0 
Chemical & Allied Products 0.2 .4 0.2 .4 0.2 .5 
Stone, Clay & Glass 0.5 1.0 1.0 2.2 0.9 2.4 
Other Nondurables 0.7 1.2 0.7 1.5 0.6 1.6 

Nonresource Oriented 2.5 4.8 4.3 9.4 4.8 13.1 
Fabricated Metals, 

Transportation & 
Other Durable Goods 0.6 1.1 1.2 2.6 1.8 4.9 

Textiles & Apparel 1.0 2.0 1.9 4.2 1.8 4.9 
Printing, Publishing & 

not Elsewhere Classified 0.9 1.7 1.2 2.6 1.2 3.3 
All Other Employment 

(Services) 63.2 120.5 75.5 164.6 79.0 216.1 
Unemployed 13.6 25.9 4.0 8.7 4.7 12.9 
Total Labor Force (l,OOO's 

Workers) 190.6 218.0 273.7 

Source: Bureau of the Census 19/ 

Tourism and Recreation 

The considerable income that the study area derives from tourism 
and recreational activities is worthy of note in this discussion of the 
economy of the study area. Resources which promote these activities 
include spring-fed, perennially flowing streams, scenic mountainous 
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woods, numerous caves and caverns, and State parks. Game (deer, 
wild turkey, quail, dove, and sport fish) is also plentiful in most 
of the study area. These factors have attracted dude ranches, hunt
ing and fishing resorts, and generally have favored the growth of 
the tourist industry. Aside from attracting outside visitors, the 
location of these excellent tourist and recreational facilities is 
convenient for the residents of San Antonio, Austin, and other large 
Texas cities. 

Population 

Study area population increased from 328,342 in 1920 to 
845,972 in 1960 as shown in table VI-5. 20/ This represents an annual 
growth rate of approximately 2 3/8 percent, compared to an annual 
rate of 1 13/16 percent for the State of Texas during the same per
iod. The urban component of the population with a growth rate of 
3~ percent is also presented in table VI-5. 20/ 

~ 

1920 
1930 
1940 
1950 
1960 

Source: 

Table VI-5 

Historic Population for the Study Area 
1920-1960 

Total Urban 
Population Population 

328,342 180,743 
438,376 274,894 
480,801 303,901 
648) 117 511) 867 
845,972 721,812 

Bureau of the Census 20/ 

The Future 

Mining activity is expected to continue to increase at 
approximately the same growth rate experienced between 1940 and 1960. 
This level of output can be sustained by presently known reserves 
using new methods of secondary recovery of petroleum • 

Agriculture is expected to continue increasing its output 
although the labor force utilized in this endeavor can be expected 
to decrease. This greater output will be the result of improved 
technology and increased productivity in agriculture. As the result, 
higher agricultural incomes are expected. It is anticipated that 
an expanding population, higher income, a higher standard of living, 
and changing tastes of consumers will provide for continued growth 
in the livestock industry. 
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The segment of the economy dedicated to manufacturing is 
expected to expand primarily in the nonresource-oriented industries. 
Manufacturing employment is expected to represent 13.8 percent of 
the labor force by the year 2025. 

The service industries, which include sales, insurance, 
finance, personal services, and transportation, employed 79 percent 
of the labor force or 216,096 workers in 1960. Based on past trends, 
modified by relative growth and income in the area, comparable em
ployment in the year 2025 will be about 768,000, or 81 percenL of 
the labor force. 

A summary of the present and future employment is shown in 
table VI-6. 

Table VI-6 

Labor Force and Employment for the Study Area 
1960. 2025. and 2075 

Percent of Labor Force 
.llim 1960 £ill 2075 

Agriculture & Forestry 5.2 1.2 0.8 
Mining 0.9 0.4 0.3 
Manufacturing 10.2 13.8 13.5 

Resource Oriented 5.4 5.0 4.9 
Furn., Lumber & Wood 0.5 0.4 0.4 
Primary Metals 0.2 0.3 0.2 
Food & Kindred Products 3.0 2.8 2.8 
Chemicals & Allied 

Products 0.2 0.4 0.4 
Stone, Clay & Glass 0.9 0.6 0.7 
Other Nondurables 0.6 0.5 0.4 

Nonresource Oriented 4.8 8.8 8.6 
Fabricated Metals, 

Machinery, Trans-
portation, and other 
Durable Goods 1.8 5.6 5.4 

Textiles & Apparel 1.8 2.7 2.6 
Printing, Publishing & 

not Elsewhere Classified 1.2 0.5 0.6 
All Other Employment (Services) 79.0 80.6 81.4 
Unemployed 4. 7 4.0 4.0 
Total Labor Force 

(l,OOO's of Workers) 273.7 952.9 1,660.0 
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Total population for the study area is expected to reach 
2,949,700 by 2025 and 4,620,000 by 2075, as shown in figure VI-1 and 
table VI-7. Similarly, urban population is expected to reach 
2,852,100 by 2025 and 4,521,000 by 2075. Many factors are considered 
in formulating the population projections. These include: (1) 
Resources and employment analysis; (2) the trend toward urbanization; 
(3) growth comparisons with cities that were of similar size to the 
cities of the study area in the recent past; and (4) the ratio of 
growth between study area ctties and the State's urban population. 

~ 

1960 

2025 

2075 

Table VI-7 

Population for United States. Texas. 
and the Study Area. 1960, 2025. and 2075 

(l,OOO's) 

Study 
United States Texas Total 

179,977 9,580 846 

546,000 30,000 2,950 

790,000 54,000 4,620 

Area 
Urban 

722 

2,852 

4,521 
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VII. WATER REQUIREHENTS 

General 

The term water requirements encompasses a multiplicity of 
uses which are dependent upon a large number of variables. Although 
primarily concerned with water for municipal, industrial, and water 
quality control purposes, this study examines other water uses that 
affect the supply and demand for water within the study area. The 
probable future water requirements of the study area are based on 
economic projections, coupled with analyses of unit water require
ments. 

Types of Water Use 

Municipal 

Municipal water as defined here includes residential, com
mercial, public, and those industrial uses which can reasonably be 
reflected in a per capita use figure. Also included in the per 
capita quantities are losses in the distribution systems and treat
ment plant attentuation. 

Industrial 

The definition of industrial water use in this study refers 
to all water except that supplied from municipal systems which is 
used by the manufacturing industries (Standard Industrial Classifi
cation Categories 13, 14, and 20 through 39). ]Jj The total indus
trial requirements are determined by combining the projected number 
of employees with the projected unit employee water use for each of 
the several industrial categories. The base data were obtained 
from a published survey of the study area, and adjustments have been 
made to reflect anticipated recirculation practices. 22/ 

Power Generation 

Consumptive use of water for thermal power generation is a 
part of the industrial requirement that has been determined sepa
rately. Information on future water use was developed from esti
mates of area power companies, the Federal Power Commission, and 
the Edison Electric Ins_titute for the Senate Select Conunittee on 
National Water Resources. Consideration was given to the general 
location of future power generation installations, and the projected 
needs were apportioned throughout the study area according to 
assumed service areas of the several facilities. 
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Rural 

An estimate of the rural water use was made so as not to 
understate the total water requirements of the study area. For 
purposes of this study, rural water requirements are assumed to 
consist of domestic water for that portion of the rural population 
not served by municipal water systems, and water for the mainten
ance of livestock. 

Irrigation 

The projected use of water for irrigation was adapted from 
estimates of the United States Study Commission-Texas.* 

Water Quality Control 

Water quality control is defined as any measure employed to 
enhance the utility, value, and attractiveness of waters used for 
purposes which are affected by changes in water quality. Waters 
in nature are never PURE in the strict chemical sense of the word. 
More often than not, however, natural waters are fit for use by 
man in his pursuit of normal endeavors. This use and the subsequent 
return of waste almost always cause some degradation of water 
quality downstream, even after provision of highly sophisticated 
waste treatment. As population and the demand for water increase, 
this degradation of natural waters becomes increasingly worse and 
must be arrested before the damage becomes irreparable. Until 
economically feasible methods of complete waste treatment become a 
reality, the quality of waters can best be controlled by provision 
of additional water to dilute the treated wastes generated by the 
population. This, then is the method of water quality control with 
which this report is concerned, as treatment alone is not sufficient 
to maintain desirable stream conditions in the San Antonio River. 

Of the indicators presently available for the evaluation of 
water quality, dissolved oxygen and total dissolved solids were 
chosen for use in this study. The principal causes of manmade 
pollution in the study area are: (a) Domestic sewage; (b) industrial 
wastes from food processing; (c) various other industrial wastes; and 
(d) irrigation return flows. All of the above contribute biochemical 
oxygen demand (BOD) and a variety of chemical constituents that can 
best be estimated as total dissolved solids. Water quality control 

*The projected values for irrigation do not represent a decision of 
the Public Health Service. However, they are included because (1) 
return flows from this source affect the quality of the study area's 
waters, and (2) a fully integrated water supply plan must include 
irrigation, especially in an area where the use represents a con
siderable portion of the demand on the potential water resource. 
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requirements are based on the assumption that sufficient waste treat
ment will be provided to remove 85 percent of the BOD, but none of 
the total dissolved solids.* 

Water to regulate quality is assumed to be needed when the 
dissolved oxygen content of the stream drops below 4 milligrams per 
liter (mg/1)** and/or when the total dissolved solids reach 500 mg/1. 

The determination of the quantity and quality of return flows 
expected to reach a stream is the first step necessary in analyzing 
water needs for quality control. 

The quantity of municipal and industrial return flows is 
estimated as a percentage of water use. The municipal return flow 
percentage used was 62.0 percent, 23/ while industrial return flow 
percentages vary from 23 percent to 90 percent. ~/ 

The quality of municipal return flow is based on assumed per 
capita contributions of 0.23 pounds per day of total dissolved 
solids and 0.25 pounds per day of ultimate first stage BOD. 

The contribution of total dissolved solids resulting from in
dustrial use varies from 12.2 tons per million gallons to 1.2 tons 
per million gallons of return flow. 24/ For the BOD contribution from 
industry, it was assumed that final industrial effluents which dis
charge wastes containing BOD would have the same concentration as a 
municipal sewage that has been treated to remove 85 percent of the 
BOD. This concentration is 56 mg/1 ultimate BOD, assuming a typical 
municipal sewage has an untreated concentration of 370 mg/1 ultimate 
first stage BOD. 

It was assumed that there would be no return flow resulting 
from rural water use. 

Irrigation return flows were assumed to be one-third of the 
water applied for that purpose, and it was further assumed that all 
of the dissolved solids in the irrigation source water would be 
returned to the stream. 25/ 

*With conventional treatment methods presently used, removal of 
some of the total dissolved solids present in the wastes probably 
occurs; however, this removal can be considered as incidental rather 
than planned and no reliable estimates of quantity so removed are 
available. 

**The lower limit of 4 mg/1 of dissolved oxygen was chosen because, (1) 
it is sufficient to sustain most species of fish native to this area, 
and (2) it provides a buffer zone to keep the streams waters from 
becoming anaerobic in the event that unforeseen shock loads of 
organic pollutants are accidently discharged to the watercourse. 
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In determining the amount of water from storage required to 
preserve the quality of the stream, it is necessary to make allow
ances for natural flows that can be expected to occur in the stream. 
Discharge frequency analyses of the streams in the basin were made 
from published streamflow data, which included adjustment to re
flect future conditions in the basin. Calculations were then per
formed to determine the amount of regulation water from storage 
needed to maintain stream quality for hydrologic conditions that can 
be expected to recur in the basin streams every 20 years. 

Two analyses ot the basin waters, one of organic pollution 
(BOD), and one of chemical pollution (total dissolved solids), were 
made utilizing electronic computational methods where applicable. 

Computations indicated that concentration of the stable pol
lutants (total dissolved solids) will not reach undesirable levels 
within the time horizon of this study. 

On the other hand, organic pollution (BOD) computations re
vealed that waters of the San Antonio River downstream from the city 
of San Antonio are now and will continue to be deficient in dissolved 
oxygen. 

Based on the previously described assumptions of organic 
loading, waste treatment, and hydrologic conditions; the amounts of 
supplemental water that will be required to maintain a minimum of 
4.0 mg/1 of dissolved oxygen in the waters of the San Antonio River 
are as shown in table VII-1 and in figure VII-1 

1970 

2025 

2075 

Table VII-1 

Water Quality Control Requirements 

Annual Draft-on-Storage in 
Acre-Feet/Yr. x 1,000 

123.0 

280.0 

454.7 

No water quality problems were found in any of the other 
study area streams • 

Base Year Water Use 

The year 1958 was selected as the base for the study because 
it was the most recent year for which reliable data from several 
sources were available. The 1958 study area water use by type is 
shown in table VII-2. 
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Table VII-2 

Base Year Water Use 

1958 Water Use (mgd) 
Thermal 

Power 

VII-S 

Subarea Municipal Industrial Generation Rural Irrigation Total 

1 11.0 2.3 7.5 6.0 26.8 

2 86.1 22.7 4.5 7.4 35.0 155.7 

3 7.1 0.2 3.7 39.7 50.7 

Study Area 
Total 104.2 25.2 4.5 18.6 80.7 233.2 

Source: The University of Texas 11./, Public Health Service 26 30/, 
and Texas Board of Water Engineers 27-29/ 

Future Water Requirements 

Estimates of future water requirements for the several types 
of. water use in the study area were made using the technique of 
combining projected unit uses with economic and population projec
tions. Irrigation water use estimates, however, are those of the 
U.S. Study Commission-Texas converted to suit the study area bound
aries. Table VII-3 summarizes the study area water needs for the 
years 2025 and 2075 • 
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Sub- Munic
~ ipal 

1 36.4 

2 478.8 

3 14.2 

TOTAL 529.4 

1 63.6 

2 819.4 

3 22.4 

TOTAL 905.4 

Indus
trial 

14.0 

92.3 

8.7 

115 .o 

27.9 

151.8 

13.7 

193.4 

VII-6 

Table VII-3 

Projected Water Requirements 

Water Requirements in mgd* 
Thermal Water 
Power Irri- Quality 

Generation Rural gation Control Total 

For the Year 2025 

1.4 9.3 43.9 105.0 

43.3 0.5 60.6 250.0 925.5 

6.0 58.4 87.3 

44.7 15.8 162.9 250.0 1,117.8 

For the Year 2075 

2.1 9.3 43.8 146.7 

66.1 0.6 60.5 406.0 1,504.4 

6.8 58.5 101.4 

68.2 16.7 162.8 406.0 1,752.5 

*The expression of these estimates to tenths of an mgd is not in
tended to imply precision. Since this table is the resultant addi
tion of many individual values, several of which are less than one 
mgd, the use of tenths eliminates rounding and the loss of identity 
of the several smaller water uses. 

A graphical presentation of water requirements in the study 
area is shown in figure VII-1. 
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VIII. WATER SUPPLY AND WATER QUALITY CONTROL PLAN 

General 

In order to supply the water needs shown in the previous sec
tion, a plan is presented utilizing all available water resources 
in the Edwards Underground Reservoir area of Texas, including the 
tentative import of water from Cuero Reservoir. 

Water Availability 

With the project features in operation, the water resources 
of the study area in the year 2025 are as follows: 

Surface: 

Cloptin Crossing Reservoir 
Dam 7 Reservoir 
Canyon Reservoir 
Run of Stream Sources ~/ 
Mantell Reservoir £/ 
Cuero Reservoir £1 

Ground: 

Edwards Underground Reservoir 
pumpage ~/ 

San Marcos Spring ~/ 
Other ground water resources J/ 

Municipal and Industrial Return Flow 
directly utilized (varying 
quantity 1960-2025) ~/ 

Yield (mgd) 

38.0 
41.0 
86.0 
32 
4.0 

161.0 

235 
36 
22 

13 - 127 
782 

~/used primarily for irrigation; yield based on 98 percent exceed
ence interval of annual flows. 

Elused to satisfy future downstream municipal and industrial re
quirements. 

£/Total dependable yield of 300 mgd based on Bureau of Reclamation 
routing. . 

d/Based on Corps of Engineers• routing. 
~/Dependable flow from San ~~rcos Spring based on Corps of Engineers• 

routing. 
J/Estimated development in Carrizo-Wilcox sands, Edwards limestone

Trinity sands aquifer and use of Las Moras Spring. 
_g/used to satisfy requirements for irrigation and thermal power 

generation. 
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YEAR 

- EDWARDS LIMESTONE FAULT ZONE AQUIFER (WITH RECHARGE RESERVOIRS) 

~ OTHER GROUND WATER SOURCES~/ 

ts$28&1 RUN OF STREAM SUPPLIES AND DIRECT USE OF M. a I. RETURN FLOWS_!_/ 

CANYON a DAM No. 7 RESERVOIRS 

CLOPTIN CROSSING RESERVOIR 

SAN MARCOS SPRING 

CUERO RESERVOIR IMPORT ( 161 M.G.D. TENTATIVE) 

*Total water requirement includes municipal, industrial, thermal power generation, rural, and 
irrigation uses. Water quality control requirements ore not included . 

..!!_/Estimated development 1n Carrizo 
Wilcox sands, Edwards Limestone
Trinity sands aquifers and use of 

Los Moros Spring 

~/Used primarily for irrigation and 
thermal power generation. 
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FIGURE VIII- I 
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As discussed in Section VII, the draft-on-storage required 
for the San Antonio River downstream from San Antonio varies from 
123,000 acre-feet/year in 1970; to 280,000 acre-feet/year in 2025; 
to 454,700 acre-feet/year in 2075. Due to the nature of or 
locations of the resources listed above their use for water quality 
control purposes is doubtful. Of the four Federal projects, three 
(Montell, Concan, and Sabinal Reservoirs) are for ground water re
charge located far from the point of need for water quality control. 
The nature of their design rules out use of these reservoirs for 
water quality control. Cloptin Crossing, the remaining Federal 
reservoir is dropped from further consideration for water quality 
control in the foreseeable future, since its entire dependable 
yield (38 mgd} is proposed for municipal and industrial uses by the 
Guadalupe-Blanco River Authority and its location is also far from 
the point of need. Even if it were available, this reservoir could 
provide only about one-third of the 1970 water quality control re
quirement. 

It is concluded, therefore, that under the stated assumptions 
of waste treatment and hydrologic conditions, the San Antonio River 
will be practically devoid of oxygen for about 110 miles downstream 
from the city of San Antonio by the year 2025. This situation may 
be ameliorated by the future development of highly efficient advanced 
waste treatment and water reuse techniques. If left unchecked, how
ever, such conditions would create a public health hazard and nui
sance and severely curtail the utility of these waters, resulting in 
damages to fish and wildlife, loss or downgrading of recreational 
opportunities, and restrictions of probable economic activities. 

An over-plot of these resources on the total requirement 
curve of figure Vll-1 (excluding water quality control) shows that 
the area's resources will satisfy the total water requirements until 
approximately the year 2000. (See figure VIII-1.) 

Addition of the tentative quantity of 161 mgd from Cuero 
Reservoir on the Guadalupe River ~/ will make it possible to meet 
all area water needs excluding water quality control until the 
year 2018. 

A closer examination of the future water requirements shows 
that it is the San Antonio SMSA (Bexar County) which will suffer 
the shortages. A graph of needs and resources versus time for the 
area excluding Bexar County indicates that its water requirements 
can be satisfied for the entire length of the projection period. 
(See figure VIII-2.) 

If the San Antonio area is to grow and prosper beyond the 
year 2018, it is imperative that additional sources of water be 
made available. The location of such sources, however, is beyond 
the scope of this report. 
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REQUIREMENT IN THIS CASE. 
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IX. BENEFITS 

Senate Document No. 97 (87th Congress, 2nd sess.) makes the 
following statement concerning evaluation of benefits of municipal 
and industrial water supply storage in Federal reservoirs: 

"The amount water users should be willing to pay for 
such improvements in lieu of foregoing them affords an 
appropriate measure of this value. In practice, 
however, the measure of the benefit will be approximated 
by the cost of achieving the same results by the most 
likely alternative means that would be utilized in the 
absence of the project." 

This alternative cost method was used to evaluate storage for 
municipal and industrial use in the three recharge reservoirs as 
well as the conventional multiple-purpose reservoirs. The values 
determined in this way are considered to be the minimum annual values 
of the benefits. 

Alternative Plans Considered 

Although the study area is underlain by an excellent aquifer, 
it is relatively short of water as shown in the previous discussion. 
Three of the four project reservoirs are designed to increase the 
yield of the Edwards Underground Reservoir. The remaining reservoir, 
Cloptin Crossing, plus local interest development represent all of 
the area's surface water resources which can be economically de
veloped at the present time. A tentative local plan provides for the 
importation of water from the proposed Cuero Reservoir on the 
Guadalupe River; however, additional importation from surrounding 
basins, although remotely possible, seems infeasible at this time due 
to area politics. 

After investigation of various possibilities, a single
purpose reservoir at the site of Cloptin Crossing Reservoir was 
adopted as the most reasonable alternative to this project. This 
single-purpose project was assumed to have a yield equal to the 
yield expected from the storage to be provided for municipal and 
industrial water supply purposes in the proposed multipurpose reser
voir. 

For the three recharge reservoirs, the most reasonable alter
native adopted was water from the proposed Cuero Reservoir on the 
Guadalupe River. The benefits for these reservoirs were evaluated 
as being equal to the cost of delivered water from the alternative 
source (Cuero Reservoir) taking into account the differential costs 
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of pumping and treatment. 1l/ Benefits are calculated only for the 
increase in water available for pumping and the increased spring 
flow from the fault zone aquifer which results from these recharge 
reservoirs. 

A summary of the annual project benefits is shown in table 
IX-1. The methods of calculation used for the benefit evaluation 
are shown inthe Appendix. Since all of the reservoirs are needed as 
soon as possible, no discounting of the benefits is made. Values 
shown represent present worth in the year 1970 • 

Table IX-1 

Summary of Value of Water Supply Benefits 

Reservoir 

Cloptin Crossing 
Montell: Downstream 

Recharge 
Concan 
Sabinal 

Dependable 
Yield 
(mgd) 

38.0 
4.0* 

-0-
-o-
-0-

Annual 
(1970 $) 

$ 653,000 
$ 88,300 
$1,010,500 
$ 816,800 
$ 600,100 

Value 
Equivalent 
Cents per 
1,000 gal. 

4.7 
6.0* 

11. 7** 
11. 7** 
11. 7** 

* The dependable yield of Montell Reservoir is used to satisfy future 
downstream municipal and industrial water requirements. The bene
fit for this function of the reservoir is based on the most 
reasonable alternative. (See Appendix) 

** Based on prorated increase in resource of Edwards Underground Reser
voir. (See Appendix) 
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APPENDIX 

Benefit Calculations 

CLOPTIN CROSSING RESERVOIR PROJECT 

Most reasonable alternative: Single-purpose reservoir with 
a yield from storage of 38.0 mgd. 

Estimated first cost $15,670,000 

Estimated interest during construction 1,175,000 

Estimated total investment $16,845,000 

Amortize private investment for 25 'years at 4 percent 
(16,845,000)(0.06401) = $1,078,248 per year 

Convert to equivalent Federal investment to provide for same 
annual payment. 

Present worth of 1 per period@ 3 1/8 percent= 17.17308 

Then equivalent Federal investment = 
(1,078,248)(17.17308) = 18,516,839 

Amortize Federal investment for 100 years at 3 1/8 percent 

Annual Cost = (18,516,839)(0.03276) 

Estimated annual operation and 
maintenance 

Annual benefit 

Say 

= $606,612 

46,000 

$652,612 

$653,000 

1 

MONTELL RESERVOIR, SABINAL RESERVOIR, AND CONCAN RESERVOIR PROJECTS 

Most reasonable alternative to increase in pumping potential = 
Cost of delivered water from another source (Cuero Reser
voir) + Cost of pumping ground water + Treatment 
differential (Cuero less ground) 
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p. 
\(. Increase in yield of Edwards limestone aquifer for pumping 

= 29,000 acre-feet per year or 25.9 mgd. ll 

Estimated treatment plant cost for 25.9 mgd = $2,976,100 

Amortize private investment for 25 years @ 4 percent 
(2,976,100)(0.06401) = $190,500 

2 

Convert to equivalent Federal investment to provide for same 
annual payment 

Present worth of 1 per period@ 3 1/8 percent= 17.17308 

Then equivalent Federal investment = 
(190,500)(17.17308) = $3,272,300 

Amortize Federal investment for 100 years @ 3 1/8 percent 

Annual Cost = (3,272,300)(0.03276) $107,200 

Estimated Annual Operation & Maintenance = 261,500 

Annual Cost $368,700 

or on a unit basis = 3.9¢ per 1,000 gallons 

Estimated ground water pumping cost= 2.4¢ per 1,000 gallons 

Estimated ground water chlorination cost = 0.2¢ per 1,000 gal. 

Cuero Reservoir water delivered cost lll = 12.3¢ per 1,000 gal. 

Therefore: Unit benefit for pumping = 

12.3- 2.4 + (3.9 - 0.2) = 13.6¢ per 1,000 gallons 

Increase in Spring flow from San Antonio and San Pedro Springs 

Value of most reasonable alternative to increase in spring 
flow from San Antonio and San Pedro Springs is the same as 
that for pumping in the San Antonio area plus the cost of 
pumping ground water (no delivery cost is involved; therefore, 
the 2•4¢/1,000 gallons cost of pumping must be re-added.) 

Therefore: Unit benefit for San Antonio & San Pedro Springs = 
13.6 + 2.4 = 16.0¢/1,000 gallons 
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Increase in Spring flow from San Marcos, Comal, and Hueco Springs 

Value of most reasonable alternative to increased spring 
flow from San Marcos, Comal, and Hueco Springs = Delivered 
cost of Cuero water]!/ - Cost of transmission from springs 
to San Antonio. 

From curve of cost vs. capacity for transmission from Comal 
and San Marcos Springs to San Antonio: 1/ for 17,600 AF/yr 
or 15.7 mgd cost= 5.0¢ per 1,000 gal. 

3 

Unit benefit for increased spring flow= 12.3- 5.0 = 7.3¢ per 
1,000 gal. 

Increase in Spring flow from Leona River Springs 

The discharge of the Leona River Springs percolates into the 
Leona formation, a shallow aquifer overlying the Edwards 
limestone. The value of this increase in spring flow is 
based on obtaining an equal amount of water from the deeper 
Edwards limestone formation. The quality of both waters is 
approximately the same. 

Increased spring flow = 4,000 acre-feet per year = 3.57 mgd ll 

300' x 8", 150 gpm well including testing and pump house = 
. $16,000 32/ 

3.57 mgd = 2,500 gpm 17 wells needed 

Total Cost = $272,000 

Pump and motor @ $3,000 per well 32/ = 51,000 

Well field collection system = 294,100 

Total first cost $617,100 

Amortize private investment for 25 years @ 4 percent 
(617,100)(.06401) = $39,500 

Convert to equivalent Federal investment @ 3 1/8 percent for 
100 years 

39,500 (17.17308)(.03276) = $22,200 per year 

Annual Energy Cost= 100' head (.00315) (1,303,050 thousand 
.85 

gal./yr) ($.006/kwh) = 
Annual Operation and Maintenance = 
Total Annual Cost = 

$2,900 
$1,000 
$26,100 

or unit value of Leona River Springs water = 2.0¢/1000 gal. 
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Increase in resources: 

Total 
Montell Reservoir 
Concan Reservoir 
Sabinal Reservoir 

Acre-feet/yr. ll 

63,900 
26,600 
21,500 
15,800 

Annual benefit for increased pumping potential 

4 

Percent ll 

100.00 
41.63 
33.65 
24.72 

29,000 AF/yr = 9,449,679 (1000 gal/yr) @ 13.6¢ = $1,285,500 

Prorating: Mantell 
Concan 
Sabinal 

$535,200 
$432,600 
$317,700 

Annual benefit for increased spring flow from Coma!, San Marcos 
and Hueco Springs 
17,600 AF/yr = 5,736,632 (1,000 gal/yr)@ 7.3¢ = $418,800 

Prorating: Mantell 
Concan 
Sabinal 

$174,300 
$140,900 
$103,600 

Annual benefit for increased spring flow from San Antonio and 
San Pedro Springs 

13,300 AF/yr = 4,335,069 (1,000 gal/yr) @ 16.0¢ = $693,600 

Prorating: Mantell 
Concan 
Sabinal 

$288,700 
$233,400 
$171,500 

Annual benefit for increased spring flow from Leona River Springs 
4,000 AF/yr = 1,303,050 (1,000 gal/yr)@ 2.0¢.= $26,100 

Prorating: Montell 
Concan 
Sabinal 

Decrease in Pumping Head 

$10,900 
$ 8,800 
$ 6,400 

Another creditable benefit is realized from reduced pumping 
head in the underground reservoir. 

Average reduction in total head - 1.79 feet 1/ 

Total pumpage = 263,000 AF/yr = 85,723,535 (1,000 gal/yr) 

Assumed pump efficiency = 85 percent 

Assumed energy cost = $0.006 per kwh 



Reser-
voir 

Annual kwh= 1.79 (.00315) (85,723,535) = 568,700 
0.85 

Annual electrical saving= 568,700 (.006) = $3,400 

Prorating Mantell 
Concan 
Sabinal 

$1,400 
$1,100 
$ 900 

Summary of Annual Recharge Benefits for 
Mantell, Concan, and Sabinal Reservoirs 

Increased SEring Flow 
Comal, San 

Increased .San Mar- Antonio Decreased 
Pumping cos & & San Leona Pumping 

Potential Hue co Pedro River Head 

5 

Total 

Mantell 
Concan 
Sabinal 

$535,200 
432,600 
317,700 

$174,300 $288,700 
140,900 233,400 
103,600 171,500 

$10,900 $1,400 
8,800 1,100 
6,400 900 

$1,010,500 
816,800 
600,100 

TOTAL $1,285,500 $418,800 $693,600 $26,100 $3,400 $2,427,400 

An additional benefit from Mantell Reservoir is to the down
stream municipal and industrial water users who will receive 
4.0 mgd via a pipeline. The most reasonable alternative to 
this part of the project is a single-purpose reservoir to 
yield 4.0 mgd. 

The estimated cost of this alternative is $2,358,000 

Annual Operation and Maintenance is estimated to be $3,400 

Amortize private investment for 25 years @ 4 percent 
2,358,000 (0.06401) = $150,900 

Convert to equivalent Federal investment to provide for 
same annual payment. 

Present worth of 1 per period@ 3 1/8 percent= 17.17308 

Then equivalent Federal investment = 
($150,900)(17.17308) = $2,591,400 

Amortize Federal investment for 100 years @ 3 1/8 percent 

Annual Cost = (2,591,400)(0.03276) = $84,900 

Estimated Annual Operation and Maintenance 3,400 

. •. Annua 1 Bene'fi t = $88, 300 
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ATTACHMENT 3 

INFORMATION REQUIRED 
BY SENATE RESOLUTION 

NO. 148 



SURVEY REPORT 
ON 

EDWAROO UNDERGROUND RFSERVOm 
GUADALUPE, SAN ANTONIO AND NUECES RIVERS 

AND TRIBUT.ARim, TEKAS 

INFORMATION CALLED FOR BY SENATE RESOWTION 148, 
85TH CONGRESS, ADOPrED JANUARY 28, 1958 

1. AUTHORITY.- The following information is furnished in 
response to Senate Resolution 148, 85th Congress, adopted January 28, 
1958. 

2. WATER PROBLEMS.- The Edwards Underground Reservoir is 
presently the only municipal and industrial water supply for 
approximately 850,000 people residing in the portion of the Guadalupe, 
San Antonio, and Nueces River Basins within the study area. The 
reservoir furnishes a water supply for many farms and ranches; 
industries; five large military installations; and seventeen cities 
and communi ties, the largest of which is the city of San Antonio with 
estimated 1960 population in excess of 700,000 people. The water 
demands of this area have exceeded the dependable yield of the Edwards 
Underground Reservoir since 1962. 

3· Within the recorded range of elevations of experienced 
water levels the reservoir contains about 2,800,000 acre-feet of 
storage. Under existing condi tiPilS of recharge the underground 
reservoir has a dependable yield for pumping of about 234,000 
acre-feet per year without depleting the reservoir below its 
historic low experienced in 1956. Based on this constant pumping 
quantity, approximately 292,900 acre-feet per year would be discharged 
from the aquifer through springs along the southern and southeastern 
limits of the reservoir, principally from major springs in the 
Guadalupe and San Antonio River Basins. 

4. Streams of the three river basins recharge the underground 
reservoir as they flow over the outcrop of the Edwards limestone 
in the Balcones fault zone. Floodflows, however, are frequently 
greater than the infiltration rate of the streambeds in the Edwards 
outcrop area. Floods on these ·streams develop quickly following 
major storms in the hill and canyon country of the Edwards Plateau. 
Many have extremely high peak discharges and cause extensive da.ma8es 
to rural and urban areas south of the Balcones escarpment in the Gulf 
Coastal Plains. 

5. PR()J]£T DESCRIPriON AND ECONOMIC LIFE.- The most practical 
plan of improvement for the Edwards Underground Reservoir area would 
consist of the construction of reservoirs on the principal streams 



of the Edwards Plateau to control floods and provide increased 
water resources for conventional water 'supply and recharge of the 
Edwards aquifer. The plan found justified at this time would 
include the construction by the Federal Government of four 
reservoirs on major streams of the· Edwards Plateau. Thxee of 
these reservoirs would be located on rivers in the Nueces River 
Basin, streams that would provide the greatest quantity of 
increased water resources for recharge. The reservoirs· would be 
Montell on the Nueces River, Concan on the Frio River, and Sabinal 
on the Sabinal River. In this semiarid region where high evapora
tion losses would occur from a permanent pool the most efficient 
and effective plan would be to construct the reservoirs to contain 
joint-storage for flood-control and recharge purposes and to operate 
them to release floodflows immediately after each rain at a rate 
equal to the infiltration rate of the streambeds in the Edwards 
outcrop area. A small permanent pool would be maintained in the 
Montell Reservoir for a downstream water supply. The plan of 
improvement would also.provide for construction of a channel dam 
and pipeline to transport this water across the loss zone on the 
Nueces River to the downstream interests. Since all of the streams 
of the Edwards Plateau are perennial streams with flows maintained 
by springs issuing from the ·Edwards formation and are located in a 
scenic area, recreation has been included as a project purpose in 
the three reservoirs. 

6. The fourth reservoir proposed for Federal construction is 
the Cloptin Crossing Reservoir on the Blanco River, a tributary of 
the Guadalupe River. Although ·this project would be. located in the 
watershed of the artesian reservoir, the Blanco River contributes 
very little to the recharge of the aquifer. It has been found, 
however, that the Cloptin Crossing Reservoir would be very effective 
in reducing flood damages downstream and would proVide a substantial 
quantity of surface water which could be made available to supplement 
the ground-water supply through area-·wide agreement on development 
of water resources. Full deyelopment of basic recreation lands and 
facilities is also proposed for this project. A s~ of pertinent 
data on the four projects recommended for Federal construction is 
presented in table 1. · 
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7. The economic life of the four reservoirs proposed for 
Federal construction is considered to be 100 years. 

8. PROJECT COSTS.- Exclusive of preauthorization study 
costs of' $315,000, of which $150,000 was provided by the Edwards 
Underground Water District, an agency of the State of Texas, the 
estimated first cost of the four reservoir projects proposed for 
Federal construction would be $84,o48,ooo, of which $51,620,000 
would be reimbursable to the United States. The annual operation 
maintenance and major replacement costs are estimated to be 
$379,400, of' which the local interest share would be $147,300. 
The project costs are based on July 1964 price levels and on 
existing conditions of watershed development. A summary of the 
first costs and annual operation, maintenance and replacement costs, 
is shown in the following tabulation: 

Annual Operation, 
First Maintenance and 

Reservoir Project Costs Replacement Costs ,1) 

Montell $32,545,000 $90,4oo 

Concan 15,650,000 54,8oo 

Sabinal 11,413,000 49,200 

Cloptin Crossing 24 2440 2000 185,000 

TOTAL $84' 048' 000 $379,400 

(1) Based on 100-year economic life. 

9. BENEFIT-COST RATIOS.- For the 4 reservoir projects the 
total annual charges are estimated at $3,313,300 and the total 
average annual benefits for flood control, water supply (including 
recharge), and recreation are estimated at $5,949,700. The benefit
cost ratio is 1.8 based on a 100-year period of analysis. The 
annual charges, annual benefits and benefit-cost ratios for each 
reservoir project based on 100-year and 50-year economic life are 
presented in table 2. 
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TABLE 2 

ANNUAL CHARGES, ANNUAL BENEFITS AND BENEFIT-COST RATIOS 
50-YEAR AND 100-YEAR ECONOMIC LIFE 

· : Based on 100-year :Based on 50-year 
Item : economic life as economic 

:shown in the report: life 

MONTELL RESERVOIR PROJECT: 

Average annual costs: 
Interest and amortization 
Operation, maintenance and 

replacements 
Total: 

Average annual benefits: 
Flood control 
Downstream water supply 
Recharge to underground reservoir 
Recreation - F&W 

Total: 

Ratio of benefits to costs 

CONCAN RESERVOIR PROJECT: 

Average annual costs: 
Interest and amortization 
Operation, maintenance, and 

replacements 
Total: 

Average annual benefits: 
Flood control 
Recharge to underground reservoir 
Recreation 

Total: 

Ratio of benefits to costs 

7 

(Interest Rate: 3.125~) 

$1,147,100 

90,400 
$1,237,500 

$ 602,100 
88,300 

1,010,500 
101,~ 

$1,802, 

1.5 

$ 544,700 

24z800 
$ 599,500 

$ 59,300 
816,8oo 

$ sk§:~~ 

1.5 

$1,387, lOO 

ao,aoo 

$ 602,100 
88,300 

1,010,500 
101,~ 

$1,802,0 

1.2 

$ 66~,700 

$ 
42 2100 

no,80o 

$ 59,300 
816,8oo 

$ 
lJz~ 

889, 

1.3 
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TABLE 2 (CONT'D) 

: Based on 100-year :Based on 50-year 
Item : economic life as : economic 

:shown in the report: life 

SABINAL RESERVOIR PROJECT: 

Average annual costs: 
Interest and amortization 
Qperation, maintenance, and 

replacements 
Total: 

Average annual benefits: 
Flood control 
Recharge to underground reservoir 
Recreation 

Total: 

Ratio of benefits to cost: 

CLOPTIN CROSSING RESERVOIR PROJECT: 

Average annual costs: 
Interest and amortization 
Qperation, maintenance, and 

replacements 
Total: 

Average annual benefits: 
Flood control 
Water conservation 

( Bl:U"face_ supply) 
Recreation - F&W · 

Total: 

Ratio of benefits to cost: 

8 

(Interest Rate: 3'.125~) 

\$· 391,4oO $ 475,500 

$ 
49z200 

440,600 $ 
41,700 

517,200 

$ 46,300 $ 46,300 
600,100 600,100 

$ 
13z500 

659,900 $ 
13!500 

659,900 

1.5 1.3 

$ 850,700 $1,033,300 

185!000 
$1,035,700 

174!800 
$1,2o8,1oo 

$ 659,000 $ 659,000 

653,000 653,000 
lz285z800 

$2,597,800 
lz285z800 

$2,591,800 

2.5 2.2 
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10. INTANGmLE PROJECT .EFFECTS.- 'nle provision of flood
control storage in Montell, Concan, Sabinal and Cloptin Crossing 
Reservoirs would serve to reduce the threat to lives and destruction 
to property in the area downstream from these projects. In this manner 
the projects would aid in stabilization of the economy in the area 
subject to flooding. Important intangible benefits could be realized 
through provision of additional recharge water for the underground 
reservoir and a supplemental surface water supply. Maintaining 
higher water levels in the aquifer would decrease the danger of 
contamination of the important well fields in the San Antonio area 
from hydrogen sulfide or saline water along the southern or south
eastern limits of the reservoir. An . increased dependable water 
supply, added springflow in the region, and additional lands and 
facilities for recreation and fish and wildlife would improve the 
social well-being of a great number of pectple living in the general 
area. 

11. PHYSICAL FEASmiLITY AND COST OF PROVIDING FOR FUTURE 
NEEDS.- The proposed plan of improvement represents maximum water 
resource development that could be economically justified at this 
time. The current water demands on the underground reservoir are 
exceeding the dependable yield of the resource, and projections of 
future water demands within the Edwards Reservoir area indicate a 
water demand far in excess of the available supply, even with maximum 
watershed development. The four reservoir projects proposed for 
Federal construction would make available an additional 110,900 acre
feet of water annually, of which 63,900 acre-feet are indicated for 
recharge of the Edwards aquifer. An additional quantity of 46,400 
acre-feet per year could be made available through development by 
local interests of a water supply project at approximately the Dam 
No. 7 site on the Guadalupe River upstream from the recently com
pleted Corps of Engineers' Canyon Reservoir. Construction of these 
reservoirs would provide a sufficient water supply to meet the 
projected needs ·within the Edwards Reservoir area to approximately 
the year 2000. To supply the water demands beyond this date will 
require more adequate use of return flows and development of an 
additional water supply outside the Edwards Underground Reservoir 
areao Because of the limitations imposed by the authorization for 
this report, no overall basin water supply plan has been investigated 
for the three river basins. 

12. The construction of Montell, Concan, and Sabinal Reservoirs 
to contain 469,600 acre-feet of joint-storage for flood-control and 
recharge purposes would provide flood protection for developments 
along the Nueces, Frio, and Sabinal Rivers from floods up to a 
50-year frequency originating on the EdWards Plateau upstream from 
the dam sites. The largest portion of the benefits would be 
creditable to Montell Reservoir and would be derived from protection 
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of the urban and extensive agricultural developments along the 
Nueces River, particularly in the 'vinter garden" area downstream 
from the Balcones fault zone in the vicinity of La Pryor, Crystal 
City, and Cotulla. Additional benefits would also be realized in 
areas further downstream, including the cities of Tilden and Three 
Rivers. The provision of ll9,900 acre-feet of flood-control storage 
in Cloptin Crossing Reservoir would provide flood protection to the 
agricultural lands, transportation and utility facilities and other 
improvements along the river valley of the Blanco and Guadalupe 
Rivers downstream from the dam site. It would also provide protec
tion to the cities of San Marcos and Gonzales from 75-year frequency 
floods originating on the Blanco River upstream from the dam site. 

13. ALLOOATION OF COSTS.- The results of cost allocations 
for the four recommended reservoir projects by the Separable Costs
Remaining Benefits method and by alternative methods listed in 
Senate Resolution 148, based on assumed economic lives of 100 years 
and 50 years, are presented in tables 3 - 6. The allocated cost of 
storage for conventional water supply has been apportioned to non
Federal interests; however, the allocated cost of storage for recharge 
of the underground reservoir· has been apportioned both to the Federal 
Government and to local interests, based on percentage of the total 
quantity of water pumped from the aquifer by military installations 
in the San Antonio area. The allocated cost to recreation has been 
apportioned to the Federal Government within the limits established 
by H.R. 9032, dated November 6, 1963. A summary of. the allocated 
water supply costs to be borne by local interests is shown in the 
following tabulation: 

. Annual . 
Reservoir First costs Percent . O&M char6es : Percent . 

l4ontell $18,986,000 58.34 $52,6oo 58-19 

Concan 13,451,000 85·95 34,000 62.04 

Sabinal 9.1722,000 85.18 30,300 . 61.59 

Cloptin Crossing 214611ooo J8.11 JOz4oO 16.4~ 

TOI'AL $51,620,000 (61.42) $147,300 (38.82) 

14. EXTENT OF INTEREST IN THE PROJECT.- !Ihe Edwards Underground 
Water District, an agency of the State of Texas, has participated in 
this cooperative stu~ as required by Public Law 86-645. The District· 
contributed $150,000, or 4o percent of the cost of the stu~. ~ 
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\:" 

letter da~ed March 231 1965, the,Dfstrict stated that in signing 
the cooperative . report i~. ex#esses ;its .f~. app:roval of the. 
proposed plan ,of .improvement :f-or the comprehensive development of 
the water resources of ~,Edwards area arid. wul endeavor to 
provide the necessaey loc~ coO:Peration.. - . ' 

'f. -

15. REPAYMENT SCBEDULl!S.- All 'construction·, operatiOn and 
maintenance, replacement, and interest· cost.s i~curred by the 
Federal Government and allocated to water supply' are .to be repaid 
by local interests, .except 5·5 percent af.thos~ costs pertaining to 
recharge. of the Edwards Underground ReseryO:f.r ~ No payment is required 
for the. costs allocated. to" future water suj>ply until sucii . time as the 
project ·is first used for that purpose, except for the payment· of 
interest charges on the lDlpa.id balance aft~r the interest free period, 
which shall not exceed lo' years. · The construct~on costs, ~eluding 
interest during construction and interest en the unpaid balance, may 
be paid in a lump slim or ·in . eqUal annual payments within the life 
of the project, but not to ex~eed ·50 years after water ·supply use 
is initiated. In addition, annwu payments must be made for the 
operation and minten8nce costs . allocated to water supply' beginning 
with the first use of storage ·for water supply, plus payment of 
applicable replacement costs when incurred. The above requirements 
are equally applicable to.prQVisions for addi~~onal water supply and 
at such time that portions of· reservoir storage are converted to · 
meet long-term demapds. PrOject costs. allocated .to recreation have 
been apportioned to the Federal Government and are within limits of 
the cost-sharing policy adopted by the Administration and outlined in 
H.R. 90321 88th Congress. In addition to the foregoing, responsible 
local interests designated by the State will be required to furnish 
assurances satisfactory to the Secretary of the Army that they 
will! 

(1) Enter into a contract prior to initiation of 
the construction work and in accordance with repayment provisions 
of the Water Supply Act of 1958, as amended, to reimburse the 
Federal Government for that portion of the construction costs 
allocated to water supply and apportioned to non-Federal interests, 
including the channel dam and pipeline in connection with the Montell 
Reservoir project. 

(2) Obtain without cost to the United States all 
water rights necessary for operation of the projects in the interest 
of conventional water supply and recharge to the underground reservoir. 

16. AIIJEUlATIVE PROJECT CONSIDERATIONS.- Studies were made of 
all streams of the three river basins which cross the outcrop of the 
Edwards limestone in the Bale ones fault zone • The studies were made 
to determine the additional water resources that could be developed 
for recharge of the Edwards aquifer,., the portion of this quantity of 
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water that would be available for pumping, ··and the portion that woW.d 
be discharged from. the major springs in the region•. The Pllblic Health 
Service determined that the most reasonable alternative project for 
the recharge reservoirs was Cuero Beservoir.on the GUadalupe River, 
a project under study by the Bureau of Reclamation.· The recharge 
benefits were evaluated as being equal to the cost of delivered water 
from the alternative source·, taking into account the di:f'f'erenti:al 
costs at pumping and treatment. Credit· was taken only for the 
increase in pumping and spr:f.:ngf'low attributable to the recharge 
projects. Single-pUrpose water supply reservoirs at the same sites 
were considered to be the most reasonable alternative projects for 
conservation storage in Clopt:f.:n Crossing and Mantell Reservoirs. 

17. Several alternative plans at operation were investigated 
for the recharge~ prqjects found justified in the preliminary a.nal.ysis. 
By constrticting the reservoirs to contain joint-storage tor flood~ 
control and recharge purposes, and operating them to release the 
flood-water for recharge of the Edwards aquifer immediately after 
eaeh rain, iarge losses. of available resources by evaporation wOuld 
be averted and construction costs would be substantial.ly reduced. 
Project locations, sizes, and combinations of PurPOses were selected 
that would give greatest excess benefits over cost. The only excep
tion was the selected conserV-ation storage at Cloptin Crossing 
Reservoir, where full development of maximum watershed resources was 
considered to be in the best interest at the Edwards Reservoir area. 
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TABLE 3 

r' ALLOCATION OF COSTS 
MONTELL RESERVOm-

. (SENATE RESOLUTION 148) 
(in thpusand dollars) 

.. _: Separabl~ Costs : Priority :Incremental 
Remaining of Use Cost 

::Benefits Method: Method . Method . 
ECONOMIC LIFE OF 100 YEARS 

Allocations to flood control 
a. First cost 10,873·0 17,047.0 30,755.0 

(Percent) (33.41) (52.38) (94.50) 
b. Annual operation, maintenance, 

and replacement cost 19.2 23.5 31.6 
(Percent) (21.24) (26.00) (34.96) 

Allocations to water conservation 
a. First cost 547.0 354.0 45.0 

(Percent) (1.68) (1.09) (0.14) 
b. Annual operation, maintenance, 

and replacement cost 12.8 12.5 12.5 
(Percent) (14.16) (13.83) (13.83) 

Allocations to channel dam and ~ipeline 
a. First cost 900.0 900.0 900.0 

(Percent) (2.76) (2.76) (2.76) 
b. Annual operation, maintenance, 

and replacement cost 16.6 16.6 16.6 
(Percent) (18.36) (18.36) (18.36) 

Allocations to recharge of underground 
reservoir 

a. First cost 18,560.0 11,370.0 570.0 
(Percent) (57.03) ( 34.94) (1. 75) 

b. Annual operation, maintenance, 
and replacement cost 24.6 20.6 13.4 

(Percent) (27.21) (22.79) (14.82) 

Allocations to recreation 
a. First cost 1,665.0 2,874.0 275.0 

(Percent) (5.12) (8.83) (0.85) 
b. Annual operation, maintenance, 

and replacement cost 17.2 17.2 16.3 
(Percent) (19.03) (19.02) (18.03) 

Total 
a. First cost 32,545.0 32,545.0 32,545.0 
b. Annual operation, maintenance, 

and replacement cost 90.4 9Q.4 90.4 
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TABLE 3 (CONT'D) 

:Separable Costs: Priority :Incremental . Remaining. of Use Cost . 
:Benefits Method: Method . Method . 

ECONOMIC .. LIFE OF 50 YEARS 

Allocations to flood control 
a. First cost 10,889.0 144034.0 30,755·0 

(Percent) (33.46) ( 3.12) (94.50) 
b. Annual operation, maintenance, 

and replacement cost 16.8 16.8 16.8 
(Percent) (20.79) (20.79) (20.79) 

Allocations to water conservation 
a. First cost 551.0 291.0 45.0 

(Percent) (1.69) (0.89) (0.14) 
b. Annual operation, maintenance, 

and replacement cost 12-7 12.5 12.5 
(Percent) (15.72) (15.47) ·(15.47) 

Allocation to channel dam and pipeline 
a. First cost 900.0 900.0 ·900.0 

(Percent) (2.77) (2.77) (2.76) 
b. Annual operation, maintenance, 

and replacement cost 16.6 16.6 16.6 
{Percent) (20.55) (20.55) (20.55) 

Allocation to recharge of underground 
reservoir 

a. First cost 18,522.0 14,954.0 570.0 
(Percent) (56.91) (45-95) (1.75) 

b. Annual operation, maintenance, 
and replacement cost 20.5 20.7 18.6 

{Percent) {25. 37) (25.62) (23.02) 

Allocation to recreation 
a. First cost 1,683.0 2,366.0 275.0 

(Percent) (5.17) (7.27) (0.85) 
b. Annual operation, maintenance, 

and replacement cost 14.2 14.2 16.3 
(Percent) (17·57) (17·57) (20.17) 

Total .• 
a. First cost 32,545.0 32,545.0 32,545.0 
b. Annual operation, maintenance, and 

replacement cost 80.8 80.8 80.8 
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TABLE 4 

ALLOCA1'IOI OF COSTS 
CONCAR RBSERVOm 

(SENATE RESOI»riON 148) 
(in thousand dollars) 

: separabli Cost~> 
: Remaining llene1'1ts 
: Method 

ECONOMIC LIFE OF 100 YEARS 

Allocations to flood control 
n. First cost 

(Percent) 
b. Annual operation, maintenance, 

and replacement cost 
(Percent) 

Allocations to recbare of undereund reservoir 
First coot a. 
(Percent) 

b. Annual operation, maintenance, 
and re~lacement cost 

(Percent 

Allocations to recreation 
a. First cost 

(Percent) 
'b. Annual operation, maintenance, 

and replacement cost 
(Percent) 

l'otal 
a. F1:·st cost 
b. Annual operation, maintenance, 

and repl.aceJ:Ient cost 

ECONOMIC LIFE OF 50 YEARS 

Allocations to flood control 
a. Flr~>t cost 

(Percent) 
'b. Annual operation, maintenance, 

and replacement cost 
(Percent) 

Allocations to recbarp or underground reservoir 
a. First coot 

(Percent) 
'b. Annual operation, maintenance, 

and replacement cost 
(Percent) 

Allocation to recreation 
o.. First cost 

(Percent) 
b. Annual operation, maintenance, 

and replacement cost 
(Percent) 

~ 
a. First cost 
b. Annual operation, maintenance, and 

replacement cost 

- 15 

1,189.0 
( 7.60) 

13.7 
(25.00) 

14,234.0 
(90.95) 

36.0 
(65.69) 

227.0 
( 1.45) 

5.1 
( 9.31) 

15,650.0 

54.8 

1,009.0 
( 6.45) 

13.1 
(26.68) 

14,434.0 
(92.23) 

31.6 
(64.36) 

207.0 
( l. 32) 

4.4 
( 8.96) 

15,650.0 

49.1 

Priority 
of Use 
Method 

l, 704.0 
(10.89) 

ll.7 
(21.35) 

13,558.0 
(86.63) 

)8,0 
(69.34) 

388.0 
( 2.48) 

5.1 
( 9· 31) 

15,650.0 

54.8 

1,402.0 
( 8.96) 

ll.7 
(23.83) 

13,929.0 
(89.00) 

32·9 
(67.01) 

319.0 
( 2.04) 

4.5 
( g.l6) 

15,650.0 

4g.l 

Incremental 
Cost 

Method 

15,156.0 
(g6.84) 

38.3 
(6g.8g) 

422.0 
( 2.70) 

ll.7 
(21.35) 

72.0 
( 0.46) 

lt,8 
( 8.76) 

15,650.0 

54.8 

15,214.0 
(97.21) 

33.2 
(67 .62) 

364.0 
( 2.33) 

ll.7 
(23.83) 

72.0 
( 0.46) 

4.2 
( 8.55) 

15,650.0 

4g.l 
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Allocations to flood control 
a. ftrst coot 

(Percent) 
b. Annual operation, maintenance, 

replacement coot 
(Percent) 

TABLE 5 

ALLOCATION OF COSTS 
SABmAL RESERVOIR 

(SENATE RESOWTION 1118) 
(in thousand dollars) .. 

Separable Costn 
Remaining Benefits 

f!thod 

ECONOMIC LIFE OF 100 YEARS 

898.0 
( 7.87) 

and 
1.2.0 

(24.39) 

Allocations to rechnr§2 of under§round reservoir 
10,288.0 a. First co5t 

{Percent) (9Q.l4) 
b. Ar.nual operation, maintenance, 

and replacer.ent cost 32.1 
(Percent) (65.24) 

Allocations to recreation 
a. Fir::;t coot 22"{.0 

(Percent) ( 1.99) 
b. Annual operation, maintenance, 

and replacement cost 5.1 
(Percent) (10.37) 

TotAl 
a. First cost 11,413.0 
b. Annual operation, maintenance, 

and replacement cost 49.2 

ECOHONIC LIFE OF 50 YEARS 

Allocations to flood control 
a. First co::t 770.0 

(Percent) ( 6.75) 
b. Annual operation, maintenance, 

and replacement co::t 11.2 
(Percent) (26.86) 

Allocation:: to rechar§: of underground renervoir 
a. Fir::;t coat 10,441.0 

{Percent) (91.48) 
b. Annual operation, maintenance, 

and replaccr.:ent cost 25·9 
(Percent) (62.11) 

Allocations to recreation 
a. F:i.rst cost 202.0 

(Percent) ( l. 77) 
b. Annual operation, maintenance, 

and replacement cost 4.6 
(Percent) {11.03} 

Total 
a. F:l.rst cost 11,413.0 
b. Annual operation, maintenance, and 

replacement cost 41.7. 

16 

Priority 
of Use 
f.!ethod 

1,350.0 
(11.83) 

10.0 
(20.33) 

9,669.0 
(84.72) 

34.1 
(69.31) 

394.0 
( 3.45} 

5.1 
(10.36) 

11,413.0 

49.2 

1,111.0 
( 9·73) 

10.0 
(23.98) 

9.978.0 
(87.43) 

27.1 
(64.99} 

324.0 
( 2.84) 

4.6 
(11.03) 

11,413.0 

41.7 

Incremental 
Cost 

Method 

10,859.0 
(95.15) 

33.4 
(67.89) 

482.0 
( 4.22) 

11.0 
(22.36) 

72.0 
( J.63} 

4.8 
( 9·75) 

11,413.0 

49.2 

10,859·0 
(95·15} 

26.3 
(63.07) 

482.0 
( 4.22) 

11.0 
(26.38) 

72.0 
( 0.63) 

4,1, 
(10.55) 

11,413.0 

41.7 

SR 148 
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~ 
TABLE 6 

ALU>CATION OF COSTS 
CLOP'l'ni CROSSniG RESERVOIR 

(SENATE RESOLUTION 148) 
(in thousand dollars) 

Separabi8 COsts Priority Increzr.ental 
Remaining Benefits ot Use Cost 

Method Method Method 

ECONOMIC LIFE OF 100 YEARS 

Allocation~ to flood control 
a. F!rot cost 7,628.0 12,304.0 13,439.0 

(Percent) (31.21) (50-34) (54-99) 
b. Annual operation, maintenance, 

and replacement cost 27-3 31·0 37.0 
~Percent) (14-76) (20.00) (20.00) 

Allocations to 'llll.ter conservation 
a. First cost 9,461.0 6,042.0 8,356.0 

(Percent) (38.71) (24.72) (34.19) 
b. Annual operation, maintenance, 

and replacement coot 30.4 24.0 28.0 
(Percent) (16.43) (12.97) (15.13} 

Allocationo to recreation 
a. Firnt cost 7,351.0 6,Q94.o 2,645.0 

(Percent) (30.o8) (24.94) (10.82) 
b. Ar~ual operation, maintenance, 

and replacement cost 127.3 124.0 120.0 
(Percent) (68.81) (67.03) (64.87) 

Total 
n. Firot coot 24,44o.o 24,44o.o 24,44o.o 
b. Annual operation, maintenance, and 

replace~ent coot 185.0 185.0 185.0 

ECOHOI-IIC LIFE OF 50 YEAliD 

Allocationo to flood control 
a. First cost 7,882.0 13,187.0 13,439-0 

(Percent) (32.25) (53·96) (54.99) 
b. Annual operation, maintenance, 

a.~d replacement coot 26.6 33.0 33.0 
(Percent) (15.22) (18.88) (1.8.88) 

Allocationo to 'll!Lter conservation 
a. Firat cent 8,8o3.0 5,915.0 8,356.0 

(Percent) (36.02) (211,20) (34.19) 
b. Annual operation, mainter.ance, 

and replacement cost 28.1 23·9 29·1 
(Pe:-cent) (16.07) (13.67) (16.99) 

Al1ocationo to rec:-eation 
a. First cost 7,755.0 5,338.0 2,645.0 

(Percent) (31. 73) (21.84) (10.82) 
b. Annual operation, maintenance, 

and replacement cost 120.1 117.9 112.1 
(Percent) (68.71) (67.45) (64.13) 

Total 
a. Firot co:::t 24, 11110. 0 24,44o.o 24,44o.o 
b. Annual operation, Mintena.nce, 

and replacement cost 174.8 174.8 174.8 

~ . 
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SURVEY REPORT 
ON 

EDWARDS UNDERGROUND RESERVOIR 
GUADALUPE, SAN ANTONIO, AND NUECES RIVERS 

AND TRIBUTARIES, TEXAS 

APPENDIX II 

HYDROLOGY AND HYDRAULIC DESIGN 

GENERAL 

1. SCOPE.- This appendix presents analyses of problems associated 
with the water resources of the Edwards Reservoir and the analyses of 
some of the water resource problems of the Nueces, Guadalupe, and San 
Antonio River Basins. Only those portions of these three river basins 
which would be affected by projects constructed to alter the existing 
recharge of the Edwards Reservoir are considered to be within the 
scope of this report. Such projects were investigated with a view 
toward the possible improvement of the yield of the underground reser
voir together with the provision of flood control and water conserva
tion measures. 

2. It is noted that because of its importance, the Edwards 
Reservoir is the most intensely studied aquifer in Texas. A volumi
nous amount of data relative to the aquifer have been published as a 
result of investigations by the u. s. Geological Survey and by private 
consultants in cooperation w1 th the Texas l-Tater Commission, the San 
Antonio City Water Board, the San Antonio City Public Service Board, 
the Bexar County Metropolitan Water District, and the Edwards Under
ground Water District. 

3· The investigation of those items covered by reports of these 
agencies vas limited to checking the accuracy of the basic data con
tained and determining the reasonableness of the approach to the 
analysis and of conclusions reached. The maximum practicable use was 
made of the data contained in these reports vhich are listed in the 
Bibliography, e.xhibi t 1. 

4. DESCRIPriON OF SWDY AREA.- The area covered by this study 
lies in the south-central portion of the state of Texas approxi
mately between 98°00' and 100°30 1 west longitude and 29600 1 and 
30°15' north latitude. It is bound on the west by the Rio Grande 
River Basin, on the north by the Colorado River Basin, and on the 
south and east by the Balcones Escarpment. The study area includes 
an area of nearly 6,400 square miles consisting of parts of the 
upper basins of the Nueces River, the San Antonio River, and the 
Guadalupe River. 



5· From west to east the area in the Nueces River Basin is 
drained by the West Nueces River, the Nueces River, the Dr,y Frio 
River, the Frio River, Blanco ·creek, the Sabinal River, Seco Creek, 
Hondo Creek, and Verde Creek. The area in the San Antonio River 
Basin is drained by the Medina River, Leon Creek, Salado Creek, and 
Cibolo Creek. The area in the Guadalupe River Basin is drained by 
Dr,y Comal Creek, the Guadalupe River, and the Blanco River. In 
general, these streams originate on the Edwards Plateau, commonly 
known as the "hill countr,y" north of the Balcones Escarpment. 

6. The terrain of the plateau is rough and broken with thin 
soil cover and the drainage is characterized by steep slopes, re
sulting in sharp-peaked runoff hydro graphs. In addition, most of 
the streams exhibit a small base flow except in periods of_ drought. 
The Edwards limestone covers most of the surface through the Edwards: 
Plateau except in portions of the Guadalupe and San Antonio River 
Basins where remnants of the limestone cap the hills. For the most 
part, the streams have cut deep gorges through the Edwards lime
stones and are bedded in the more impervious Glen Rose limesto~es. 
The Edwards limestone absorbs a substantial amount of rainfall. 
This water percolates downward through cracks and fissures to the·. 
lower parts of the Edwards formation where it comes in contact with 
relatively impermeable formations, forming an unconfined .water body. 
The water then moves by gravity flow laterally through the limestone 
vith much of it reappearing as springflow at or near the contact be
tween the pervious and impervious zones in the valleys that have been 
cut by the streams. These springs are the source of the base-flow. 
of the streams that drain the Edwards Plateau countr,y. Each of the 
streams then, with the exception of the Guadalupe River, lose their 
entire base flow and much of their flood flow to the Edwards Reser
voir as they cross long stretches of honeycombed and cavernous 
limestone in· the Balcones fault zone. The location of the Edwards 
Reservoir is shown on plate 1. 

· 7. Those streams crossing the recharge area and the approxi
mate lengths and drainage areas above the downstream limit of the 
recharge area are shmm in table 1. The major watershed drainage 
areas are delineated and tabulated on plates 2 and 3, Drainage 
Areas, Nueces and Guadalupe-San Antonio River Basins. 

8. EXISTING .AND AUTHORIZED FEDERAL IMPROVEMENTS.- The 
Federal improvements in the study area are ·limited to those 
constructed and authorized by the Corps of Engineers.and the Soil 
Conservation Service of the Department of Agriculture • These 
improvements are discussed in the following paragraphs. 

· a. Corps of Engineers Projects. - ·The Canyon Reservoir 
is the only Corps of Engineers· reservoir in operation in the study 
area and is located at river mile 303.0 on the Guadalupe River 
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TABLE 1 

STREAMS OF THE EDWARDS RESERVOIR AREA 
GUADALUPE, SAN ANTONIO, AND NUECES RIVER BASINS 

Stream 

GUADALUPE RIVER BASIN 

Blanco River and adjacent area 
Guadalupe River 
Dry Coma.l Creek 

Sub-total 

SAN ANTONIO RIVER BASIN 

Cibolo Creek 
Salado Creek 
San Geronimo Creek 
Leon Creek 
Medina River 

NUECES RIVER BASIN 

Verde Creek 
Hondo Creek 
Seco Creek 
Sabinal River 
Blanco Creek 
Frio River 
Dry Frio River 
Nueces River 
\-lest Nueces River 

Sub-total 

Sub-total 

Total 

* See plates 2 and 3 

. . . 

Above downstream limits of recharge 
area* 

Approx. length 
(miles) 

70 
155 

8 

i 
58 
45 
64 
76 

Drainage area 
(sq.mi.) 

514 
1,510 

98 

2,122 

258 

270 

630 

1,158 

412 

256 
450 
193 
896 
905 

3,112 

6,392 
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about 12 miles northwest of New Braunfels. It vas constructed for flood 
control, water supply, and recreational purposes. Construction of the 
project began in April 1958 and deliberate impoundment began on June 16, 
1964. Blieders Creek Reservoir, a flood control only project to be 
located at river mile 5.8 on Blieders Creek, 1.5 miles north of New 
Braunfels, is in the advance planning stage. Blieders Creek Reservoir, 
when constructed, will control the runoff from a 14.8 square mile area 
and provide flood protection to the city of New Braunfels. The Corps 
of Engineers also has under construction a channel imprpvement project 
in the city of San Antonio which includes the clearing, widening, 
deepening,;. and straightening of approximately 31 miles of river and 
creek channels and construction of certain related structures. This 
project was begun in November 1957 and, when completed, will control 
the runoff from approximately 114 square miles of drainage area in 
and adjacent to the city of San Antonio. Pertinent data for the 
Canyon and Blieders Creek Reservoir projects and the San Antonio 
Channel Improvement project are given in tables 2, 3, and 4, respec
tively. 

b. Soil Conservation Service Program•-

(1) Watershed Work Plans.- The Soil Conservation 
Service of the u. S. Department of Agriculture has formulated ''Work 

· Plans" for the Martinez, York, and Salado Creeks watershed within 
the Edwards Reservoir area. The plans provide for construction of 
38 watershed protection and floodwater retarding structures to pro
vide control over a drainage area of about 218 square miles. The 
structures will contain a total of about 63,767 acre-feet of deten
tion storage. On July 1, 1964 the Soil Conservation Service had in 
operation 18 structures in two of the watersheds in the study area. 
Of these structures, five are located in the watershed on Martinez 
Creek, a tributary of Cibolo Creek in Bexar County, and 13 are in 
the watershed of York Creek, a tributary of the San Marcos River. 
Pertinent data on the projects which have been constructed and on 
those additional projects which are planned for the watersheds listed 
above are presented in table 5, and the locations of the projects are 
given on plate 4. 

(2) Projected Development.- In ~onnection with the 
report of the United States Study Commission - Texas, the Soil 
Conservation Service published the results of investigations of the 
long-range needs for floodwater retarding structures in most of the 
Texas river basins. These reports were titled ''Upstream Flood Pre
vention and Water Resources Development." The reports for.the 
three basins being studied in this report were published as follows: 
Guadalupe River Basin, August 1960; San Antonio River Basin, 
September 1960; and the Nueces River Basin, November 1960. These 
data have been summarized and supplemented in another SCS publica
tion, ''Upstream Flood Prevention in Texas - A Summary Report", 
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dated June 1963. Pertinent data taken.·from these reports for addition
al SCS projects in the study area are given in table 5· 

9· EXISTING NON-FEDERAL IMPROVEMENTS.- Development of surface 
water resources by local interests in the Edwards Reservoir area has 
been minimal due largely to the availability of ground-water resources. 
The principal reservoir projects within the three basins are described 
below. 

a. Guadalupe River Basin.- In the Guadalupe River Basin, 
Comal County has constructed one floodvrater retarding structure, 'With 
a detention capacity of 350 acre-feet, in the Comal Creek watershed 
to increase ground-water recharge and· to provide flood protection. 

b. San Antonio River Basin.- Local interests developments 
on the San Antonio River and tributaries consist of Lake Medina and 
Medina Diversion Reservoir on the Medina.River, and Olmos Reservoir 
on Olmos Creek in San Antonio. Lake Medina with a ca!)acity of 254,000 
acre-feet, and Medina Diversion Reservoir with a capacity of 5,750 
acre -feet, were completed ·in 1913. These pr()jects are owned and 
operated by the Bexar-Medina-Atascosa Counties Water Improvement 
District No. 1 to provide a water supply and gravity diversion for 
irrigation of lands in the District. In 1926 the City of San Antonio 
constructed Olmos Reservoir on Olmos Creek to provide flood protection 
for certain urban areas of the city. Olmos Reservoir has a storage · 
capacity of about 151 500 acre-feet at top of dam and controls the· · 
runoff from about 32 square miles of drainage area. Upon completion 
of the San Antonio Channel Improvement Project, dis·cussed previously, 
Olmos Reservoir will become an integral part Of the plan for flood 
protection of the San Antonio area. Pertinent data for the Olmos and 
Medina Reservoir projects are presented in tables 6 and 7. 

c. Nueces River Basin.- There has been no significant 
development by local interests in the Nueces River Basin upstream of 
the Ba.lcones fault zone of reservoirs for surface water supply. or 
flood control; however·, thirteen structures ·have been built in 
Uvalde County near Uvalde to improve the natural facilities for 
ground-water recharge. The recharging of an aquifer artificially 
may be accomplished by water spreading or injection of water 
through wells, pits, shafts, or other .natural surface openings. The. 
thirteen structures.in Uvalde County are of the latter tyPe, con
sisting generally of small impounding structures and preservation 
or existing surface openings into the water-bearing rormations of 
the area. The impounding structures allow an increased amount of 
water, collected during periods of.high discharge, to enter the 
water-bearing·formations through the existing openings by reducing 
the velocity of the water across the land ··surface. The addition 
of the impounding structures and installation of devices to protect 
existing openings have resulted in the introduction of surface waters 
to the underground strata at higher rates. 
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LOCATION:. 
R.M. 303 on Guadalupe River and about 12 mi. N.W. 
of New Braunfels 1 Texas, in Comal County 

DRAINAGE AREA: 1 1 425 sq. mi. 

DAM: 
Type: 

length: 
Max. Height: 
Top Width: 

Dike: 

SPIU.WAY: 
Crest: 
length: 
Type: 
Control: 

Rolled earth fill w/spwy in saddle 
about 2, 500 from rt. abutment 
4,410 (main emb.) 
224 ft. 
20 ft. 
10 ft. 

943.0 ft m::::l 
l,26o ft. net @ crest 
Broa.dcrested 
llone 

INFLCM: 
Spillway design flood peak, cfs 
Spillway design flood volume, ac-ft 
Spilhray design flood runoff, in. 

OUTFLOW: (El. 969.1) 
Tbtal routed peak outflov, cfs 

Spilluay 
Outlet Works 

OOl'LEr WORKS: 

687,000 
1,285,8oo 

16.92 

5o8,ooo 
502,8oo 

5,200 

Type: 
Dimension: 

l gate controlled conduit 
10' dia. 

Invert: 
Control: 

PO·IER FEATUR&S: 
None 

775.0 ft msl 
2 - 5'8"xl0' hydraulically operated 
slide gates 

RESEHVOIR DATA 
Elev.: 
feet 

Feature msl 

Tbp of Dam 974.0 
lotaximum \-later Surface 969.1 
Flood Control Pool 943.0 
Spillway Crest 943.0 
Conservation Pool SJ09.0 
Sediment Reserve 

Tbtal Storage 
Maximum tailwater 
Streambed 81~·6 1'; • 
*Sediment distributed as follows: 

19,800 ac-ft belou El. 909.0 
8,300 ac-ft bctucen El. ~~9.0 & 943.0 

Reservoir 
Area 

(acres) 

17,120 
12,8$0 
12,890 
8,240 

Reservoir CaEncit~ 
Accumu- Runoff: Incre-
lativc (inch-: mental 
(ac-ft) es) (a.c-ft) 

1,129,300 14.84 
740,~ 9·75 346,llOO 
74o,900 9·75 
386,200 5·o8 366,400 

28,100* 
740,soo 

Spilluay 
Capacity 

(cfs) 

502,8oo 

Outlet ilorks 
Capacity 

(cfs) 

5,200 
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BLIEDERS C~ lU:SERVOIR 
------------------------------------~~~~~~~~~~~----------------------- -----------(ADVANCE PLANNING) 

LOCATION: OO'IJ:ll: 
R.M. 5.8 on Blieders Creek, Guadalupe River Basin, 
1.5 miles N. of New Braunfels, Texas 

Spillway design flood peak, cfs 
Spillway design flood volume, ac-ft 
Spillway design flood runoff, in. 

70,300 
27,310 
34.6 

DRAINAGE .AREA: 
14.8 sq. mi. 

DAM: 
Earth fill Type: 

length: 
Max. height: 

3130' plus 6oo' dike 
84' 

Top width: 

SPILLWAY: 
Crest: 
length: 

20' 

750.5 ft msl 
Variable 

Type: 
Control: 

Natural sadd.J.e, left bank 
None 

Feature 

Top of Dam 
Maximum Water Surface 
Top of Flood Control Pool and 

Spillway Crest 
Invert of Outlet Conduit 

Conservation Storage 
Sediment Reserve (below el 750.5) 
Total storage 
Streambed 

Elev. 
feet 
msl 

768.0 
763.1 

750.5 
700.0 

684.0 

OUTFIJ:ll: ( El. ~(6 3 .1 ) 
Total routed peak outflow, cfs 

OUTLET WORKS: 
Type: 
Dimension: 
Invert: 

Intake 
Outlet 

Control 

PONER FEATURES: 
None 

RESERVOIR DATA 
Reservoir Reservoir Capacity 

Area Accumu- Runoff : Incre-
(acres) lative (inch- mental 

(ac-ft) es) (ac-ft) 

684 
575 13,657 17·3 

368 7,712 9.8 7,312 
16 88 0.1 

None 
·4oo 

7,712 

Spillway 
Capacity 

(cfs) 

58,270 

59,000 

l - conduit 
60" 

700.0 ft msl 
698.0 ft m!;l 
None 

<Xltlet Works 
Capacity 

(ci's) 

730 

66o 



TABLE 4 

SAN ANTONIO CHIOOIEL IMPROVEMENT 

:Drainage River 
Drainage area at head of :area at mile Improved 

Local ;12ro~ect -(sg.. mi. ) :lower limit: limits channel 
Agency Stream Un- :of project of length 

:Controlled: controlled: Total : ( sq.mi.) project (ft) 

San Antonio San 
River Antonio 
Authority River 32.0 1.6 33.6 113.7 221.8 to 237.3 6o,6oo 

San Pedro 
Creek 0.0 1.0 1.0 44.5 0.0 to 4.9 26,100 

H 
H Apache 
I 

Creek o.o 17.6 17.6 22.6 0.0 to 3.4 18,115 .!:J 
Martinez 
Creek o.o 2.6 2.6 7-1 0.0 to 4.5 23,830 

Ala zan 
Creek 0.0 3·9 3·9 17·7 0.0 to 4.3 22,770 

East Fork 
Martinez 
Creek o.o 0.5 0.5 1.7 0.0 to 1.6 8,300 

North Fork 
Martinez 
Creek o.o 0.9 0.9 1.2 0.0 to 0.7 3,910 
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TABLE 5 
SUMMARY OF PERTINENT DATA FOR PROPOSED 

SOIL CONSERVATION SERVICE RESERVOIRS 

Total :Service :NUiiiber 
: drain- :No. :Drainage : Pool capacitl :spillway: of 

Basin Watershed : age :o:r . area :Flood :release :struc-. 
: area : struc-: controlled: Sediment: control :rate :tures 
:{sq.m:t.l:tures : ~sq.mi.~:~ac.ft.):~ac.:rt.):(c:rs) :completed 

WORK PIAN DATA ~ 1) 

San Antonio River Salado Creek 218 16 118 5,263 42,005 1,190 

San Antonio River l>ia.rtinez Creek 87 6 29 2,478 6,511 369 5 

Guadalupe River York Creek 147 16 71 4,950 15,251 393 13 

USSC-T DATA ~2l 

Nueces River NE Utopia 
Community 1 14 42 395 15 

San Antonio River Santa Clara 
Creek 66 8 19 2,127 6,411 190 

Guadalupe River Coma.l Creek 91 6 39 1,280 12,130 240 

(1) Data :from published work plans available as o:r July 11 1964; also, see plate 4 :for location. 

(2) Data :from published reports titled ''Upstream Flood Prevention and Water Resources Develop
ment11 prepared by SCS in 196o for United States Study Commission, Texas. 
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LOCATION: 
On Olmos Creek in north part of 
San Antonio, Bexar County, approxi
mately 0.8 mile above confluence of 
Olmos Creek and San Antonio River. 

DRAINAGE AREA: 32 sq. mi. 

DAM: 
""Type: 

Length: 
Max. height: 
Top width: 

SPILLWAY: 
None 

Concrete, 
1,91~1 ft. 
57 ft. 
25 ft. 

gravity-type 

TABLE 6 
OLMOS RESERVOIR 

(EXISTING) 

OUTLET HORKS: 
Type: 

Dimensons: 
Invert: 
Control: 

USE: 

6-gate controlled rectangular 
conduits 
5'9" x 7'10" each 
679.53 ft. msl 
6 slide gates 

Flood control 

RESERVOIR DATA 
Reservoir capacity 

Elev. . Reservoir : Accumu- : Incre- :Outlet works . 
Feature feet area : lative : Runoff : mental : capacity 

msl (acres) :(ac.ft.) :(inches):(ac.ft.): ( cfs) 

Top of railing 731.0 1,194 18,800 11.01 3,300 13,500 
Top of dam 728.0 1,045 15,500 9.08 10,500 13,100 
Floor of gate motor 

operating room 713·5 458 5,000 2.93 5,000 10,900 
Outlet works 679·53 4o5 0 

Total storage 18,800 
Streambed 671.4 
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TABLE 7 
MEDINA RESERVOIR 

LOCATION: 
(EXISTING) 

R.M. 70.4 on Medina River 13 mi. north 
of Castroville, Medina County, and 
about 28 miles west of San Antonio 

DRAINAGE AREA: 633 sq. mi. 

DAM: 
Type: 

Length: 
Max. height: 
Top width: 

SPILIMAY: 
Crest: 
Length: 
Type: 
Control: 

Concrete, ogee, gravity-type 
w/spwy in saddle in right 
abutment adjacent to west 
end of dam 
1580 ft. 
164 ft. 
25 ft. w/23 1 roadway 

1072 ft. msl 
880 ft;, 
Broadcrested 
None 

OUTLET WORKS: 
Left Bank: 

Type: 
Diameter: 
Invert: 
Control: 

Right Bank: 
Type: 
Diameter: 
Invert: 
Cqntrol: 

USE: 
Irrigation 

RESERVOIR DATA 

3-gate controlled conduits 
60" 
966.5 ft. msl 
Lift-type gates 

2-gate controlled sluices 
30" 
922.5 ft. msl 
Lift-type gates 

Reservoir capacity 

Feature 

Top of dam 
Maximum water surface 
Spillway crest 
Sediment reserve 

Total storage 
Streambed 

Elev.: Reservoir: 
feet : area 
msl : 

1084.0 
1072.0 5,600 
1072.0 5,600 

966.5 328 

920.0 

Accumu- Incre-
lative : Runoff mental 

:(inches) 

254,000 7-52 
254,000 7-52 249,200 

4,800 0.14 41800 
254,ooo 



10. CLIMATE.- The climate over the Edwards Plateau is generally 
mild w1 th hot summers and cool winters. Freezing temperatures and snow
falls are experienced occasionally, caused by the rapid movement of 
cold high-pressure air masses from the northwestern highlands 0 

11. The general elevation of the Edwards Plateau ranges from 
about 3000 feet above mean sea level in the headwaters of the Nueces 
River Basin to about 600 feet above mean sea level at San Marcos. The 
only important topographic feature affecting climate in this area is 
the Balcones Escarpment which extends from Brackettville eastward 
through San Marcos. 

12. Table 8 gives climatological data relative to temperature, 
growing season, wind velocity, and humidity at representative United 
States Weather Bureau stations in and adjacent to the Edwards Plateau. 

13. HUMIDITY.- The relative humidity over the Edwards Reservoir 
area is generally moderate, with the humidity decreasing from Austin 
westvard across the Plateau. 

14. WINDS.- The prevailing winds are from the south or south
east during the greater part of the year. Dry southwesterly winds 
are experienced occasionally. During the winter months, December, 
January, and February, the high-pressure air masses approaching 
from the north cause the prevailing wind direction to shift to the 
north. Wind movements are strongest in March and April; and the 
lightest wind movements generally occur during August, September, 
and October. The maximum published wind velocity of 74 miles per 
hour occurred at San Antonio in August 1942, during a severe tropi
cal storm which swept inland over the Matagorda Bay section. In 
general, wind movements over the basin are relatively mild. 

15. TEMPERATURE.- The mean annual temperature varies from 
70.0 degrees at Uvalde in the southwestern part of the Edwards 
Plateau to 64.4 degrees at Kerrville in the north central part of 
the Plateau. The mean annual temperature over the Edwards Plateau 
is about 68 degrees. Temperatures in the Edwards Plateau have 
ranged from a maximum of 114 degrees recorded at Uvalde to a mini
mum of minus 7 degrees recorded at Kerrville. 

16. GROWING SEASON.- The growing season between killing 
frosts normally varies from 221 days at Kerrville in the upper por
tion of the Echlards area to 28o days at San Antonio. The average 
growing season for the Edwards Plateau is about 254 days. 

17. SNOWFALL.- Snowfall is generally light over the Edwards 
Plateau. It occurs at infrequent intervals over the area and melts 
rapidly. Seasonal accumulations are not experienced in this area 
and snowfall therefore does not constitute a flood hazard. 
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18. PRECIPTTATION.- Precipitation near the Edwards Reservoir 
area has been observed officially at Austin since 1858 and at San 
Antonio since 1866 when stations. were established by the U. s. Weather 
Bureau at these locations. Three other recording gages have been es
ta'blished at Fredericksburg, LaPryor and Rocksprings, in and near the 
area at later dates. Plate 5 shows the locations of the rainfall 
stations in and adjacent to the area. 

19. Mean annual rainfall over the Edward.s area is approximately 
27.8 inches, and varies from about 34.0 inches iri the eastern Part to 
about 22.0 inches in the western part. Plate 5 shows isohyetals of 
mean annual precipitation over the area and mean monthly distribution 
of rainfall at Hondo, San Z.farcos, and Carr Ranch. Table 9 shows the 
maximum, minimum, and United States Weather Bureau published normal 
annual precipitation at stations in and near the area. It is noted 
that 11 of the stations listed in table 9 were established prior to 
1900. 

20. Periods of excessive rainfall have been experienced over all 
parts of the area. Generally, the highest 24-hour and monthly periods 
have occurred during major storms. However, there are many instances 
of heavy precipitation resulting from local thunderstorms. Maximum 
24-hour and maximum monthly precipitation for representative stations 
in and adjacent to the area are given in table 10. Table 11 lists 
rainfall intensities for stations in and near the Edwards Reservoir 
area for durations of less than 24 hours. 

21. EVAPORATION.- Evaporation records from six sta tiona located 
adjacent to the Edwards Reservoir area were analyzed and adopted for 
use in this report. These stations and their operating agency are: 
Austin, Del Rio and Dilley, by the u. s. Weather Bureau; Sonora and 
Hinter Haven by the Texas Agricultural Experiment Station; and San 
Antonio by the U. s. Field Station, Department of Agriculture. Austin 
and San Antonio are located northeast and south, respectively, and· 
adjacent to the Edwards Reservoir area. Sonora is 40 miles northwest 
of the area. Del Rio is 40 miles west. Dilley and lVinter Haven are 
60 and 70 miles, respectively, south from the area. Austin, Dilley, 
and Winter Haven each have records for 30 years or more. San Antonio 
has records for 24 years while Del Rio and Sonora have records of 12 
and 11 years, respectively. Table 12 gives pertinent data for the six 
evaporation stations. Evaporation is greatest in the higher portion 
of the area to the northwest and least in the lower and more humid 
southeastern area. Approximately two-thirds of the annual evaporation 
normally occurs during the six "Warm months, April through September. 

22. RIVER STAGE AND DISCHARGE.- The discussion of the stream 
gages in the Nueces River Basin is confined to the gages above the 
Asherton gage on the Nueces River, the Derby gage on the Frio River, 
and the city of Three Rivers on· the Atascosa River. Plate 2 shows 
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T.\l3LE 8 

CLUL'\TOLOGICAL D.<~Ti\ 

Yeo.rs of' :Tem~ra~..ure in degrees ::?::~: renhc i :·. 
Station complete !!ean r.i:u:imwn ~.~5 ~:.::7.1!11 

reco'!"d (1) /\nmw1 recorded recorded 

'1ustin J'I:P (2) 10-( 68.2 J.O~) -2 

B1nnco "'? o_, G6.1t llG "' -·.) 

Boerne· 69 66.2 112 -ll 

Del Rio (2) * 14 09.8 111 11. 

F~~edr::.ck:;bure (2) sh (q .1 10'? -5 

Hondo 59 69.3 112 l~ 

Kerrville 66 6~.4 110 -7 

Luling (2) 75 6b.9 110 -3 

Ne,, Braunfel::; 76 -ro .o 110 2 

Sun .lntonio AP 77 68.7 107 0 

San Harcos 59 67.9 111 -2 

Seguin (2) 36 69.2 110 0 

Uvalde 59 70.0 114 -
0 

:Grouing season:i/ind velocity 
Station : .1\v • length !~v. :F:1stest 

Rel::-tive hwnici l:.;y ir: 
r-ercenL (years) 

{da;z:s) nl}2h 

huGtin .1'\P (2) 263 9.5 

Del Rio (2) * 287 7.4 

San :\ntonio ;;p 280 9.3 

mile 

57 

62 

74 

:6 c..n. :Hoon :GJ.):m. :l,adnight 

81 

79 

03 

51 

53 

54 

48 71 

4-6 64 

52 ·rG 
~(~1~)~~~1~1-d~a~t-a __ a_s_o~f~De~c-.~3~1~,~1~96~2~.-----------------------------------
(2) Station outside of basin. 
* Data as of Dec. 31, 1958. 
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Station 

TABLE 9 

PRECIPITi\TION D:\TA 

Years of Annual pred piC1rtion (in.) 
complet.P. : : u.s.H.n. 

_________ __;,_r;;..e;;..;c;;.;o;.;:.r.;;;d_l..::( l~) __ :.....,:.l4=aximum : I.Unimum :normal ( 2) 

;\ustin * 
Blanco 

Boerne 

Br~c!tcttvi lle 

Carr Ranch * 
Floresville * 

Hondo 

Karnes City * 
Kerrville 

LaPryor * 
r1e,.,. Bra.unfe ls 

raxon * 
Rio J.lcdine. 

Rock Sprinen 

Runge * 
Sabinal 

San i\ntonio * 
San f.larcos 

Seguin * 
Uvalde 

l·i!litsett * 

104 

66 

74 

85 

41 

46 

23 

66 

74 

41 

39 

30 

66 

58 

96 

66 

58 

68 

46 

64.68 

55.06 

62 .4·r 

45.37 

46.32 

58.73 

56.57 

57.57 

h2.01 

60.21 

58.10 

38.16 

46.81 

48.21 

50.30 

52.24 

49.47 

~~5 .02 

49.36 

11.42 

12.98 

10.29 

6.45 

9.82 

7.88 

11.29 

11.92 

12.33 

5.94 

10.12 

J.2.25 

10.26 

13.6o 

11.29 

10.11 

13.42 

13.80 

9.29 

5.19 

3?.58 

31~.26 

31.67 

22.00 

26.91 

?.8.37 

20,20 

31.93 

31.50 

22.01 

32.54 

31.33 

26.9h 

22.05 

29.78 

25. Tr 

27.84 

33.88 

30.85 

21~ .69 

26.16 

( 1) To 31 December 1962. (2) Tne avera.;~e :mnuol precipi tat.i.or. ic based 
upon published US Weather Bureau normal values for t'he period::; 1921-1950 
or 1031-1960 supplemented by COJ'l'I!'IUt.ed :wer11fles for the neriod 1Q31-1C)6o. 
* ~~tside Edwards Plateau. 
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TABLE 10 

r.lf'JCD4UM 24-HOtm J\l!D t-L'\XJr.M•1 t.tONTHLY PRECIPITATION 

:Years of complete : Maxiinwn 24-hour : 1 !Clximum mont:11=r 
Station :record t;hroue;h 1962:rninfall{inches):r~infall{inches) 

1\u::;tin !\P 1011. 19.03 20.78 

B<.J.nlt:ersmit!1 22 12.95 17.51 

m.onco 66 17.51 22.66 

FrederickGburr; 51~ 8.03 J.o.48 

Garner State P•Jrk 11 4.17 l0.07 

'Tall R::mcn 22 3-73 10.26 

Hye 22 ~2.96 24.12 

Kerrville 76 11.(10 19.94 

LnPryor 1!.4 7. "{8 ll!-.56 

Luling 74 6.51 13.76 

He\>: Braunfels 74 9.41 16.41 

Rocksprings 30 4.47 16.57 

San .t\ntonio AP 9G 7.08 11.64 

Tarpley 24 4.73 10.35 
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TABLE 11 

RAINFALL INTENSITIES IN AND NEAR 
THE EDWARDS UNDERGROUND AREA 

Station l hr 
Total precipitation in inches * 

2 hr : ' 3 hr 6 hr l2 hr 

Austin 3.46 4.41 5·47 7.02 8.51 

San Antonio 3.07 4.64 5.82 6.n 6.81 

Hall Ranch 1.85 3·25 3·25 3.25 3·35 

Rocksprings 1.56 2.14 2.47 3.08 3·91 

Tarpley 1.90 3.40 4.00 4.41 4.47 

Garner State Park 2.23 2.48 2.90 3·59 3·91 

* Records published in U. S. Weather Bureau Technical Paper No. 15. 

Note: Unofficial observations indicate published records have been 
exceeded in some areas. 
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TABLE 12 

AVERAGE MOII!'IILY EVAPORATIOII DATA 
AUSTill, DEL RIO, DILLEY, SAil Am'OIIIO, SOIIORA, Am> WIHJ.'ER RAVl!ll, TEXAS 

Austin, Tezaa Del Rlo, 'rex&' Dilley, TeXa8 San Antonio, Texas Sonora, Texas W{nt~r Haven, Texas 
1930·1960 19'16·1957 . 1931·1960(1) 1907·1930 1950·1960(2) 1936-1960 

o. s. Weather Bureau o. s. Weather a.r~au U. S. Weather Bureau Bureau of Plaut Iadustry Bureau of Plaut Induatry llureau or Plant Industry 
Pen Coetfic1ellt 0.69 Pen Coefflciellt d·69 Pen Coefflciellt 0.69 Pen Coefflciellt 0.9'! Pan Coefflcient 0.91; Pen Coefficient 0.94 

: J!ftpora~ion: :Evaporation. :Evaporation: :l!ftporetion: :Evaporation: :Evaporation : 
Observed : frao : Observed from : : Observed : frail Observed : frao : Oboerved : frail Observed : frCIIII 

Pan Reaervoir : Obaerved Pan : neaervo1r :1 Obeerved PaD : Reaervolr Obaerved. Pan Reservoir Obaerved Pan : Reservoir : Obeerved Pan : Reaervoir : Observed 
Evaporation : Surface :Precip1tetion Evaporation: Surface ::Precipitation:J!ftporation: Surface :Precipitation: Evaporation : Surface · :Precipitation:l!ftpontion: Surface :Precip1tat1on :Evaporation : Surface :Precipitation 

(inches) (inches) : (inches) (1o!!D£!Ch!!!e!_!eJ_)_J:'-..\.:(i~n!!;Che!!!!!8l,l)_;:;'-.J.(:Jin~c:!!he~s~)'--":---'(l.!i:l!n~Che~s'.L)-':w,(i~nc~ho~a~):.._::._i:(i!.!n!l:che!!!.!I!.I) _ _!: __J(.,!il!DC!;!b!J!e!!.&)L.i.:_(l.li:J!D~Cb!!!O!J!I'.J.)...J'--"· (l.li:J!n£!Cho!!!!J!&'.J.)_..:.__l(~il!IIC:!!b!!OS!,)/....l~(L!i,!!n£!Che!!!;!IJ_)_;__J(J:.i,!!nC£!b!!!eC!'8.J..) _.;__,l(i!!n!!!C;!!bO~O~)~_!(J:.i~nc~b!!e!.BJ_) _;___l(.;_in~c;!h!!e!.B)L_ Month 

January 

February 

March 

April 

Juno 

July 

SoptOIIber 

October 

•ovember 

Deeember 

11m' AIIIIUAL LOSS 
FRQI RESERVOIR 
SURFACE 

2-73 

6.19 

7-35 

2.66 

1.88 

2.21 2-55 

3·53 

4.27 

6.18 3-18 

6.83 2.11 

6.76 

5-07 

3-00 

2.11 

50.11 

11.47" 

(l) llo reool"l May•AIIguat 19'!3 ; J•nuary, February 1950. 

(2) Jlo reoord January-May 1950; June 1953. 

2.37 ·'19 2 .9'! 

4.61 l.o8 

5-55 .67 6.o8 4.20 

7.21 4.96 

10.75 2. 51 

8.68 1.89 6.82 

11 . 07 

10.87 

6.83 2.28 11.24 

1.23 5-85 

.45 

3.61 2.78 

102.44 10.68 15-39 83.68 

55-29" 

1.15 2.41 2.09 1.18 

2.85 1.15 

4.46 4.19 1.87 4.97 4.67 1.14 4.66 4.)8 1.00 

1.25 5-52 1.81 

2.90 5.83 1.86 6.54 6.15 3.46 

2.81 7-95 7.25 2 .75 7-93 2.09 

2.12 1 .66 8.98 8.44 8.80 8 .27 1.74 

1.68 9-19 8.64 8.37 8.70 8.18 2-33 

6.81 6.4o 2.65 6.ilo 6.02 6.29 5-91 

2.o8 5.10 4.76 2.09 4.27 2.13 

3.16 2.97 2.13 3-28 3.02 2 .84 .82 

1.75 2.67 .58 2.14 2.01 1.09 

61.8o 26.o8 18.13 21.58 

35-12" 37.61 " 



the locat.ion of the gages installed by the U. S. Geological SUrvey tor 
the systema.tic collection ot records in the study area. The first gages 
installed in the Nueces River Basin were near Cinonia on the Nueces 
River and near Derby on the Frio River. The former was installed 
July 51 1915 and the latter August 1 1 1915. Only a partial record was 
maintained at the Cinonia gage which was discontinued in September 1925. 
The record at Derby is complete from time of installation of the gage to 
date. Gages were established in the latter part of 1923 at laguna on 
the Nueces River and Concan on the Frio River. The largest increase in 
the number of gages took place when seven recording gages were installed 
in 1952. There were 18 recording gages operating in the upper watershed 
ot the Nueces River Basin as of September 301 1962. 

23. The discussion ot the stream gages in the Guadalupe and San 
Antonio River Basins is confined to the gages upstream from Gonzales 
on the Guadalupe River and Falls City on the San Antonio River. Plate 3 
shows the location of the gages. Observation of streamflow on the 
Guadalupe River began on September 1 1 19041 when the u. s. Weather 
Bureau established a staff gage at the Gonzales Water Power Compa.ny 
in Gonzales 1 Texas. The daily stages are published tor this gage. 
The u. s. Geological SUrvey established gages at New Braunfels and 
near Comfort in January 1915 and January 19181 respectively. In 
J~ 19281 the gage at New Braunfels was moved upstream above the 
mouth of Coma1 River eliminating the springtlow from Comal Springs 
from the base flow that was recorded as runoff at the lower site. 
Since . the 1920 1 s 1 numerous gages have been installed in the Guadalupe 
and San Antonio River Basins •. There were 28 recording streamflow 
gages and one non-recording gage in the basins as of September 301 1962. 

24. ANNUAL RUNOFF.- The observed average annual runoff at the 
principal gages in those portions of the Nueces1 Guadalupe, and San 
Antonio River Basins covered by this report are given in tables 13 
and 14. Also given are the m1n1nnuu and ma.x1nn1m annual runoff tor 
the purpose of illustrating the extremes to which the annual runoff 
in these basins are subject. 

25. DROUGHTS.- lzydrologic records for the Edwards Plateau 
illustrate recurring patterns of long to moderate drought and periods 
of heavy rainfall. The period of streamflow measurements used in 
this report includes the most severe drought that has been experi
enced since accurate records became ava.ilable. The recent drought 
which ended in the early part of 1957 is the critical drought of record. 

26. The prolonged drought of the period 1947 through 19561 

which was experienced over most of the Guadalupe River Basin1 was 
broken by one ot the most intense storms of record1 that of September 
1952· Rainfall records for Blanco and Kerrvill.e1 however, show that 
despite this storm1 there was an accumula.ted rainfall deficiency 
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of approximately 70 inches. and 59 inches, r_espectiv.el.y 1 . f'or the 10-year. 
period. The normal. annual ra1nfa.ll at Blanco is 34.26 .. inches. The .. 
annual. mintall at Blanco 4,ur:t.ng the 1947-1956 .. period varied· from 14.4·. 
inches in 1954 to 53.7 inohes in 1952, 'With an ~ve~ for· the Pe.riod 
of 27.3 inches. The nonua1 annual ~infall. at Kerrville 1f3 .31.50 
inches while the annual rainf'all during the- 1947-1956 period. varied . 
from 14.04 inches in 195(:) ~ .4o.9 inches in 1952,; .With an average for 
·the period. of 25.6 inch~s. The drougQ.t ended in the Guadalupe River 
Basin during the spring of 1957 when over 21 inches of .rain fell dur~ 
ing the Diantha of April and May. · 

27 o The prolonged drought of. :the period 1950· through 1956 which 
w.s experienced over most of the Nueces .River Basin, was broken in 
the Upper Nueces River :watershed in September 1955 by one of t~e mqst ·. 

·intense s~orms of records oV-er 'the .UP,Per Nueces watershed •. The storm, 
which w.s centered over the Nueces River upstream of Mon~ll Dam site, · 
produced the ma.ximu.m krioim peak d.is~ge at the Laguna &ai!.e, downstream 
from Mantell DatD site o · The avemge. ~int'all during the ~ugb.t .period 
w.s approXimately 20o0. inches over the Nueces River Basin above the 
·Balconea EauJ.t Zone while the normal annual rainfall is between 26 
·and 27- inches.. . · · 

28. STORM CHARACTERisTICSo- The storms that cause precipitation 
on the Edwaius. Pla~u 'are· of' three general types: (1) thlinderstorms, · 
:resulting in devastating cloudbursts; (2). f~ntaJ. storms; and (3) cy
clonic storms ori~tiilg .in ~~.tropics or the West,ern Gulf "Of Mexico •. 
The majority of .th~ pre~_ipitation on the· plateau resuJ..ts .from disturb
ances crf the. fir~t two ::types.. Thunderstorms,· as here. described, are 

· produced and" maintained by· local convectione.l currents of the vertical · 
.tne·o .. · They are. s~etimes. ac<?ompa.nied by excessive ,rainfall for periods 
up to about 6· or ·a hoUrB', .. but rarely produce excessive rain:f'al1 over. 
extensive areas.· .'ThUnd~rstorms: cause major flooding in localized areas 
and particular~ in the headwte:rs ·of . the 'basins in. the EdWards Plateau. · 
Fl'(lntal·stOl'nlS. that cause rainfall' in the area result from the forced . 

·ascension o:f 'WB.l'Dl moisture-laden· air masses o·rigina.ting over th~ warm 
oceanic areas to the· south. The lif'tirlg of the warmer ai:r mass is 
accoJIQ>:U.$~ either by direct convergence of a t:r;opical air mass and 
a polar air mass, or by the convergence. and pa,rtial encompassing of 
a tropical air mass by seve~l denser air masses. The cyclonic 
storms originate ·in .the tropics and the Western Glllf of Mexico. 
When. these storms moVe inland they tend to curve to the northeast 
and to pass up the Mississippi Valley~ In following this course, 
the heaviest precipitation is generally experienced in the ·lover· 
part of the basin 'With little effect on the Edwards Plateau. 

29o MAJOR BASm STORMSo- Some of the major flood-producing 
storms that have occurred on or near the Edwards Plateau are as 
foll~s: May 25·~30, 1929; June :30-Ju.cy- 2, 1932; Mai ·31, 1935; 
c:Tune 10..;15, 1935;. Septe~er 26-27, i946; September 9-ll, 1952f 
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TABig 13 

AIOOJAL RUNOFF JATA (OBSERVED) 

NUECES Rnlft BASIN 

. Drainage : Period of record Annual runoff {inches l • 
Stream-gaging stations : area . . Length • Maximum Minimum Mean . . . 

: (sq.mi.) From • Througt • Years : Months (1) (1) • • 

Nueces at Laguna 764 10/23 9/62 39. 0 10. Be; 0.41 2.45 
Nueces nr Uvalde 1,930 10/28 4/39 11 7 7.18 0.06 1.61 
Nueces below Uvalde 1,947 5/39 9/62 23 5 3.13 0.03 0.61 
Nueces nr Cinonia 2,150 7/15 9/25 9 9 1.26 0.04 0.35 
Nueces at Asherton 4,082 10/'40 9/62 23 0 1.68 0.02 0.56 
West Nueces nr Brackettville (2) 700 10/40 9/62 17 6 4.6o 0.00 0.67 
Frio at Concan (3) '405 11/23 9/62 38 11 14.21 0.29 3.35 
Frio nr Uvalde 661 9/52 9/62 10 1 1.92 o.oo 0.40 
Frio nr Derby 3,493 8/15 9/62 47 2 4.23 0.001 0.52 
Dry Frio nr Reagan Wells 117 9/52 9/62 10 1 11.74 0.35 3.6o 
Sabinal nr Sabinal . 206 10/42 9/62 20 0 11.39 0.05 2.47 
Sabinal at Sabinal 247 9/52 9/62 10 1 7.45 0.02 1.46 
Hondo nr Tarpley 101 9/52 9/62 10 1 16.66 0.06 4.?.4 
Rondo nr Hondo 132 9/52 9/62 10 1 9.~ o.oo 1.81 
Hondo at King's Waterhole 142 10/61 9/62 1 0 
Seco at Miller's Ranch 43 5/61 9/62 1 5 
Seco nr Utopia 53 9/52 9/61 9 1 15.19 0.09 4.02 
Seco nr D'Hanis 87 9/52 9/62 10 1 10.56 0.00 1.56 
Seco nr Crook's Ranch 168 10/61 9/62 1 0 
Leona nr Uvalde (4) 146 1/39 . 9/62 24 9 
Atascosa at Pleasanton. (5) 341 1/54 9/62 8 9 

(1) Water year. 
(2) Station discontinued September 30, 1950 and re-established Ma~h 29, 1956. 
(3) Runoff for 1930 was estimated (USCE). 
(4) Springflow only from Leona Springs. 
(5) Staff gage established by USGS for the USCE. Gage used for n8h stages only. 
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Dra:inage 
~tream-gaging s~ations area 

(sq.mi.) 

Guadalupe nr Comfort (2) 762 
Guadalupe at Comfort 836 
Guadalupe nr Spring Branch 1,282 
Guadalupe at Sattler 1,430 
Guadalupe at New Braunfels 1,516 
Guadalupe at New Braunfels (3) 1,635 
Guadalupe at Gonzales (4) 3,452 
Johnson Cr. nr Ingram (5) 115 
Rebecca Cr. nr Spring Branch 11 
Comal at New Braunfels (6) 117 
San Marcos at San Marcos (6) (7) 84 
San Marcos at Luling (8) 833 
Blanco at Wimberley 353 
Blancc nr Kyle 410 
Plum Creek at Lockhart 113 
Plum Creek nr Luling 356 
San Antonio at San Antonio (9) 42 
San :>ntonio nr Elmendorf 1,743 
San Antonio nr Falls City (10) 2,113 
Salado Creek at Upper San Antonio 137 
Salado Creek at Lower San Antonio 189 
Medina nr Pipe Creek (11) 474 
Medina nr Rio Medina (12) 650 
Medina nr San Antonio {13) 1,317 
Red Bluff Creek nr Pine Creek 56 
Calaveras Creek nr E~endorf (14) 7 
Calaveras Creek nr Elmendorf (15) 11 
Cibolo Creek nr Boerne 68 
Cibolo Creek nr Bulverde 198 
Cibolo Creek at Selma 274 
Cibolo Greek nr Falls City 827 

'fABLE ·14 

ANNUAL RUNOFF UATA (OBSERVED) 

GUADAWPE AND SAN ANTONIO RIVER BASINS 

Period or record 
Length 

F'rom Throug1 : Years: toionths 

1/18 9/32 13 6 
6/39 9/62 23 4 
7/22 9.62. 40 3 
3/60 9/62 2 7 
1/28 9/62 34 9 
2/15 12/2'7 1~ 11 
9/04 9/6? 58 1 

10/42 9/62 19 2 
2/60 9/62 2 '{ 

1/28 9/62 34 9 
7/15 9/62 11 7 
5/39 9/62 23 5 
7/28 9/62 33 6 
6/56 9/62 6 4 
5/59 9/62 3 5 
4/30 9/62 32 6 
2/15 9/62 38 4 

Installed Septem)er 1962 
5/25 9/62 37 5 
9/60 9/62 2 1 
9/60 9/62 2 1 

10/22 9/62 23 6 
2/22 9/62 21 7 
8/39 9/62 23 2 
4/56 9/62 6 6 
1/57 9/62 5 9 
9/54 9/62 8 l 

Installed March L, 1962 
5/46 9/62 16 5 
3/'46 9/62 16 7 

10/30 9/62, 32 0 

Maximum 
( 1) 

6.75 
5.81 
8.37 

9.25 
13.07 

3.76 

12.41 
13.69 
11.69 

10.08 

10.70 

6.28 

3-15 
2.76 
5.20 

Annual runoff (inches) 
Minimum 

( 1) 

0.91 
0.24 
0.14 

0.12 
2.85 

0.56 

1.23 
0.25 
1.40 

0.28 

0.15 

0.009 

0.00 
o.oo 
0.17 

Mean 

2. ·rr 
2.36 
2.81 

3.28 
6.39 

1.68 

5.46 
4.67 

3-51 

0.61 
0.4'( 
1.81 

(1) Water year. '(2) Partial record 1/18 through 5/22. (3) Bas! flow includes springflow from Comal Springs. March 1898 l.o December 1899, 
gage heights and occasional discharge measurements; 1900-1902~ occ~ional discharge measurements only; published in reports of Geo1op,ical 
Survey. (4) U. S. Weather Bureau staff gage, stage only. (5J G&e discontinued November 30, 1959, re-established November 9, 1961. 
(6) Normal flow of river comes from springs, drainage area of st~am not applicable. (7) Partial record 7/15 through 8/21; discont!nued 
September 1, 1921, re-established May 26, 1956. (8) Base flow is iostly from large springs near San Marcos. (9) Norllll\l flow of' rb•er 
formerly came from springs and in later years from release of pump~e from wells. The station was d~scontinued November 16, 1929; 
re-established February 15, 1939. (10) Flow partly regulated by ~dina Lake and Olmos flood-control reservoir. (11) This gage discontinued 
September 30, 1934; re-established December 21, 1952. (12) All ~ow is seepage under and around Medina Dam except for occasional flow over 
spillway. This gage discontinued· September 30, 1934; re-establish\(! January 29, 1953. Annual figures only are available for water years 
1923-34. (13) 633 square miles controlled by Medina Reservoir. (14) Gage installed to measure contents of SCS reservoir. (15) 25.5 square 
miles are above 1 flood-control structures. ' 
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Sept~mber 23~4; 1955· Isobyetal maps and ty]dcal mass curves of pre
cipi ta.tion are shovn on plates 6 through 12~ and a description of these 
stol'DIS is given in the following paragraphs. · 

30. S~RM OF MAY ·25.:.30, 1929.-· The center of. this storm was in 
the Blanco River watershed about six miles north of the Cloptin Cross
ing Dam site. At the storm center rairifall of 15.0 inches was record:ed 
for the storm period~ of which about 12.0 inches fell in a 6-hour 
period. Other rainfall amounts in the area were as follows: Fischer's 
Store, 10.4 ~nches; San Marcos, 9.8 inches; HenlY, 15.0 inches;. DripPing 
.Springs, 8.0 inches. The average depth of precipitation over the 
Blanco River watershed was about 10.7 inches. The depth of rainfall 
from the maximum depth-area curve for the 1929· storm is 13.7 inches 
for a drainage area of 428 square miles {equivalent to the drainage 
area above the mouth of the lll.anco River). This storm produced the 
maximum stages on.the Blanco River at Wimberley and Kyle since 1869 
and 1882,. respectively. The isohyetal map and typical mass curves of 
precipitation are. shown on plate 6. . · 

31. STORM OF JUNE 30-JULY 21 1932.- This storm had several 
centers; however, the most intense center was located in the Upper 
Guadalupe River Basin at the State Fish Hatchery near Ingram. The 
State Fish Hatchery recorded 35.6 inches of rainfall. Another 
center was located in the Upper Sabinall3a~ih. near· the Humble Pump 
Station. The pump station recorded 33·5 inches of rainfall. Rio Frio 
record~d 24.0 inches of rainfall in the Frio River Basin. Other rain
fall amounts in the area were as follows: Tarpley 1 2 miles northwest 1 

22.0 inches; Uvald~1 .20.2 inches; Rothe Ranch, 18.3 inches; Sabinal, 
17.5 inches; Utopia, 14.0 inches. This was considered a 42-hour storm; 
however, the majority of the rainfall occurred in an 18-hour period. 
This storm produced the maximum stage since 1869 ·on. the Frio River at 
Concan; the ·maximum stage since 1892 on the Sabinal River near Sabi
nal; and the maximum stage since 1900 on the Guadalupe River at 
Comfort. The isobyet8J. map and typical mass curves of precipitation 
are shown on plate 7. · 

32. STORM OF MAY 31, 1935·- The. center of the storm was lo
cated in the Seco Creek watershed near Woodward's Ranch, about 17 
miles north of D'Hanis. The Woodward Ranch reported 22.0 inches of 
rainfall during a 3-4 hour period on the morning of May 31. Lutz 
Ranch reported 12.5 inches of rainfall. D'Hanis and Hondo reported 
12.0 and 9.2 inches, respectively.· Sabinal· reported 7•7 inches of 
rainfall. This storm produced the maximum stage silica at least 1866 
on Seco Creek near D 'Ranis. The isohyetal map and typical mass 
curves of precipitation are shown on plate 8. 

33· m'ORM OF J1JNE 10-151 1935·- 'l'he center of the storm was 
. located slightly west o:t the Nueces· River Basin approximately 15 
miles south of Carta Valley. The amount of rainfall that was 
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recorded at the sto:rriL center -.s .17 .6 inches •. Forty-'two· mues north 
of Brackettville 14.2·inches .of rain ws reported. ···Rocksprings and 
Montell reported 12~1 and 8.5 inches~ respectivelY•· :Thi~ storm pro
duced the maximum. stage . since· at least 1879 on the West Nueces near . 
Brackettville, and the maximum stage· since at least ],836 ,on the_ Nueces · 
Riv~r at Cotulla. The isohyetal map ·and·. typical mass.· ctirves at pre-
cipitation are shown on plate 9• . · · ·. · · · · 

34. STORM OF ~ 26-27, 19~.- . ~e cente~ of the atom 
vas located .11 miles southeast. of San Antonio at the .Stllte · ApicuJ.ture 
Farm. The amount of rainfall that was •recorded ~t the. State Fam was . 
17.2 inches. Other ra.illfall amounts in the vicinity were as. follows: 
San Antoilio Nurser.y, 13.0 inches; San Antonio A:trp:)rt, 6.9 inches; . 
KeJ.:cy AFB, 5.8 inches •. Most of the rainfall cam.e"·.nthin a: six tq . · 
eight hour period •. · This storm vas particularlY intense on Calaveras . . 
Creek a'b San Antoni·o.: The isohyeta.l ~P an,d typical mass-~~ of 
precipitation-are shown an plate 10.. · 

35· .S'.OOEM OF SEPl!EMBER 9-ll, 1952.- The storm had.~· cen:~rs 
within the Edwards Plateau.·. One -of the centers (GS-20) was ~ocated. 
just inside the .m.anco River watershed approx:Lma.tely four miles south
east of Hye. The' 8ll10unt o"f rainfall reported ~t the atom center was 
28.8 inches.· The other center (;F-38) was located approx:imately seven 
miles northeast of Cqmtort. The amount ·of mil'l:fall reported vas 25.1 
inches c. · Some of the other 'rain:fall.amounts in the area are as· follows: 
Hye, 26.p inches; Blanco, 21.1 inChes;. Boerne; .12~6 inChes r Ban ~rco.s, . · . 
9· 7 inches; Kerrville, 8.9 inches; Nev Bmunfels, 8.8. iil_ch~s. The . · 
isohyeta.l.l!BP and typical wass cm-Ves of precipitation -~e shown on 
plat~ u.. . . 

36~ .STORM ar: SEP.r:EMBE:R :23·-2411955·- .. rus. storm ~d .three · 
distinct c~terl3.: Only one of these ·severe centers was located 'With
in the area of ·study. A 24-inch center (C-J:) on the Nuea·es River at 
the Ed:wards .. Real .C~unty line southeast of RocJ:tepnng8, was .:the pririci-. 
pat. contributor to the Nueces River flood. Other min:t'all.amallllts in 
the area axe as. follaws: C-2, 22.0 inches; C-31 12.0 i:qahf;ls; C-4, 12.0 
:l.nches; C~5,·J.O.~ inches; C-6,· 10.0 .inches;. C-71 9•0 inches; c-:8, 8.0 
inches; "Crider's Ranch, ·.5.6 inches_; Izynxhaven Ranch., 1.9 incpes .. · This 
storm produced the maximUm: stage since at least 1866 on- the Nueces . 
Riv.er at La;gul'la. •. The volume of flow was decreased 8~ percent at . 
Three R1 vera.. Much of the loss occurred before the· flood reached 
Uvalde d'ue to· the· Balcories .Fault. zone which crosses the Nueces River 
.upstreatn _front the. Uvalde gage. The isohy9tal mp and ,typiCal. mass· 
CUrves ·of preo:tpitation are·· Shown on ~ta .l.i::o . . . ,. ' 

. 31·· FIOODS.-, ·In general,. the flooding eXperienced ~l~~ ~~ · 
Edwards Plateau ia·l>roduced by intense storms with·relB.tive~ ~te~ 
areal coverage·. The .storm of June 30-J\Lcy 2, 1932, Wa.s more ~ne~ : 
in character than any other xaajor storm of record in. the v:;tcini ty . 

II-48 R 4-1-65 



_,-

_,,. --

PS OF ENGINEERS 

.. 
EOWARCIS CQ 

+ + 
~ -1 

...Jat_ 

) 

\ \ 
....,.u_ \) 

\ (i\ 
~ \ 
,- tiNRt:v co: -

JL + 

+ 

ytstMtiJ Mer .... , ..... 

0_ 

• I , p -

+ 
~-

r 
IS 

1-

10 

,_ 
s 

0 
IS 

1--- ---
1. - 7 

II t1 

( 
/- __ ,. 
(,~--' 
!/" -

)f 

II .. -·-
. 

-
--

I. 

1$.0 H 

,,, .. F. 
s 
I 

u J 
I 

.... ~ 

------- ---~-

' sPRUIGS 
-JR- ul€5 Of EQUo\1. ~ IIINCMO 
_,.... ~ 8(IIIIIIAI'Y 

~ PJSTIIIO R£SEfi'IOIII 

~ PROPO!iED CTPI tQHSEIWiiiDI 
~ .a;:5£1MI'JI 

- pROPOSED llriUIPIJ!·Pilfli'OIII! 11£WIIIOtl 

~ ~D IIIA.liiU .PURI'(ISt R£SEIWOR 
~ WITH 11£CitAIIGE STolid 

= OTlllR tNV£StiOAlO OAiol SITES 

EI)'IIAIIDS ~ -~ DIST.IIOIIIIDARY 



: :=~--·~<5:\-:· .... J ..... _,w..q 

£0WARDG CQ 

+ + 
~ ·1 

.R!!!t.. 

I 
I 
( 
\ 

....!L. \) 
'C~ 

co: -

___m:_ + 

_,,._ + 

~ 
----- - ' .. AifEftiCK 00 

yrc•N•ry ••c --··-1 I ! p -

OkLAHOMA 

+ 
~· 

s 

t-
s 

...---
0 

L. ----
zs 

t 

( 
-· ----_,/ , ... -

~~- ~----..... 
1---

.,/-
1----1 

.z f 

27 

15.0 tilLY -

!IQ·~~ 

7.2 g'Ln..s 
... !ERN£-

-

IDI£· 

,..,_-Ml#d Olt -
- ~ - :rr fUll .,_,. --Q. --

PIIOP05D U1!R COIISIINGlOII 
RESEAVO:A 

PROPOSED IU.1'11U •PUIJIOSI ltESlii\ICM 

~ PROPOSED IIIA.TIIU -PURI'OSI: RESERYCIR 
~ WlfH RlOWIGE S'IOIUGE 

= OTHER IHVESTIOAt£11 DoW 51TES 

EDWARDS UNOOIOROUNO WATER DIST.IIOIINDAIIY 

ED\IMDS IIHDI!RGROUND RUERVDIR 

{.(.h4J) .. .F.I:!.' 



\ 
-1\ 

_,,_._ 

0 

0 

0 
r-:, 

~ 
-1----

W--"' VICINITY MAP 

SCALI Ul tlrLO ., , , 7 -

,--r-J35.6 STA~ ISii-Hiltii 
i 

I 
i 

I 
// 

I 

l;l 

2 
.ZUl.Y 

1152 

-2 UVALD 
I 

160 l.EAAE~ 
3-5"'-E.I 

6 HONI 

•PEARSALL 

NOTE 
16~tt,•ta/ mqp btl6•d tJn 

IIJIPfllr~d IICrm study, Plltl II 
(Gil !i-ll 

1 BLANCO CO 

·~ 

' SPRINGS 

--6- LINE OF EQUAL RAIH~L IN INCHES 

,....J' WATERSHEO BCIUNOARY 

EXISTIIIG RESERVOIR 

PROPOSED WATER CONSERYATIOH 
IIESERIIOR 

~ PROPOSED MULTIPLE-PURPOSE RESDIVOIR 

~ PRCI'OSEO IIUIJUIL£-PIIRfiOS£ RESERVOIR 
~ WITH RECHARGE SlDRAGE 

= OTHER IN\r ESTIGATED DAM SITES 

EDWARDS UN~ROIDID WATER DIST. BOUHDAIIY 

EDWARDS UNDE116ROUHD RESERVOIR 

ARMY 

N~ 

NUECES RIVERS AND TRIBUTARIES. TEX. 

EDWARDS UNDERGROUND RESERVOIR 

ISOHYETAL MAP 
STORM OF JUNE 30-JULY 2 1932 

,_J(..J.t.t .. .:.. . .:.w.c-



-------------------
+ 
~ 

..J!L + 

_,,._ + 

NEW 
MEXICO 

VICINITY MAP 
KAI.IIMKII.D ... ' -

EOWAADS CO 

+ 
·1 

0 K LA H 0 MA 

+ 
~ 

I 
I 
I 

! , 

KERR CO. 

,- ------22.0WOOOWARO RANCH 
I 

§15~--~~'---;----------t------; 
~ : 
f I --12.0D'HANIS 
o 1 II.OWDOOWARD RANCH S 101---+---,f--i----- 3M!. NE ------1 
~ --9.2 HONDO 

~ I 

.PEARSAI.L 

NOTE. 
1~1 -I»>H.., .,_ StrJmt 

s-, I'Orl z (Gil $•10). 

~ 8LANC0 CO 

·~ + 

) 
t~~-1 

PUASANlON~ 
LEGEND 

t SPRINGS 

-~- LINES OF EQUAL RAINFALL IN INCHES 

"""'.J' WATERSHED IIOUJ«lAR'I 

~ EXISTING RESERVOIR 

~ PROPOS£0 WATER CONSERVATION REKRWIR 

~ I'ROfiOSED IIULTIPl.£-I'IJRIIOSE RESOM:IIR 

~ PRCPOSED MUJII'l.E-PIJRJIOSE RESERVOIR 
~ WITH Ra:HARGE STORAGE 

= OTHER INVESTIGATED DAM SITES 

- -- EDWARDS UNDERGROUHD WATER Dlst BOUNDo\RY 

,.,.~ EDWARDS UNDERGRCUID RESERVOlR 

ARMY 



. :=~·./.{ :·::·.:---.·:·:·:-.4 

i 

r-·. 

_,,._ + 

NEW 
MEXICO 

YICINIU MAf' 
se&LI IN ltii.D ._, , r 

• 

1:115 

~ 

+ 
~I 

--r-
14 2 8FCKETTVILU 

r .I I 
,----- •••• 121 MQfTAIN KOME , . I 

~-If 
_ _...-1-- e.~ !.ot£LL 

I I 

ir-1.1 
~ 

'1=-:.b-

~---J ! 
~ 

_____ ./ 
II 12 13 

~UHE 1955 
14 

-6.18A~[RA --1--_r 

15 17 

• 

ePEAIISALL 

NOTC: 
IIDhytfDI m11p /loud on ~~-•d SttNm 

Studf Pa't 1l (GM 5·2) 

f 

= 

~ BLANCO CO. 

·~ + 

SPRINGS 

LINES OF EQUAL RAINFALL IN INCHES 

WATERSHED BOUNDARY 

ExiSTING RESERYOIR 

PROPOSED WATER CONSERVATION 
RESERYOU'I 

PROPOSED MULTIPLE •FIIRPOSE RESERYOIR 

PIIOPOSED MULllPLE·FIIRPOSE RESERVOIR 
WITH RECHARGE STORM£ 

·OTHER INVESllGATED DAM SITES 

j>M.\i ..... .t.Q . 

' 

~I 



-----------------
+ 
1 

....JL + 

_1s'_ + 

~ 
'MAV£RICK CO 

NEW 

MEXICO 

VICINITY MAP 
KAU IN KII.U 

, ' ' 7 !I 

OKLAHOMA 

20 

5 

0 

5 

0 

f-

f-

1 
26 

,----
I 

I( . 
I 

w _________ 
, . , , 

27 
SEPTEMBER 1946 

ll2 SAN ANTOfaO 
111111. SE. 

15.0 PI..£ASAH1llN -
IQ5 Jjl H. 

I& 0 SAN ANIONO 
NURSERY 

6. 9 SAN AHTOkiO 
AIR PORT 

28 

~ 
+ 

NOT£:' 
/au,•tt/1 m11p I• IJ<~••tl 1111 
DPPTII~•tl Storm ShltiT, Port :1r 
(GM $·1141 

~ BLANCO CO. 

·~ + 

t SPRINGS 

___,2__ LINE OF EQUAL RAIIVALL 1M INCHES 

WATERSKtD BOUNDARY 

EXISTING RESERVOIR 

PROPOSED WATER CONSERVAnOH 
RESER\QR 

PROPOSED Mill.. TIPLE • PI-'IPOSE 
RESERVOIR 

PROPOSED MU..TIPI.E·PURPOSE RESERVOIR 
WITK RECKARGE SlORAGE 

SAN ANTONIO a NUECU RIVERS AND TRIIIITARIU. TD. 

EDWARDS UNDERGROUND RESERVOIR 

ISOHYETAL MAP 
STORM OF SEPTEMBER 26·27,1946 

~ 

= OTKER INVESTIGATED DAM SITES 

EDWARDS UNIIERGROUNO WATER DIST. BOUNDARY ~~~~~;:_+.~~~~~)~;~~~~ 
EDWARDS UHIIERGROUHD RESERVC!R ...... 

- k:y&!&!QN!Q..&!'Y·' 



------------

EDWARDS 
UNDER6ROIJND 

RESERVOIR 

_,,._ + 

HEW 
ME X I CO 

VICINITY MAP 
SCALI Ill Ma.D 

... ' ' 2 !" 

EDWARDS CO 

+ 
-~1 

OKLAHOMA 

----------llii:>l-----------==~-===~~~----------

+ 
~-

tl 

~ 15.9 fREDjiCICSaii!G 
!•a!------f------_,~=:=:=:=:=i 
~ 
!i 
~ 

~------112.6 BOERi£ 

r.~------~~--~~~-------1 
fil 
!i 

I 5~------t~-~~~t---~~~ 

J 

•PEARSALL 

NOT£$: 
1~1 mq 1611aU tn -- mnfa/1 

t11 rqu/ttl' U.S. W•mll•r IAinav Rrlltrlllll Stol/olls 
and miKfiUlllt•OIU ,..,,.W.Mitll obllllll•f/ bT 
•Bud_, s~· of fUHI olm011 ml•n•• IW•• 
C/p(lllfllllt. 

/Nftl MtJwn In IJIW//mJnar, llontt llud,, .. 

• ~ ei'OTEET ' 

t~~· 

-8-

-~ 1 ..---\\~ 
LEGEND ~ 

SPRINGS 

LINES OF EQUAL RAIIIFALL IN INCHES 

WATERSHED BOUNpARY 

EXISTING RESERVOIR 

PIIQPQSEO WATER CXINSERVATION· 
RESERVOIR 

PROPOSED MULTIPLE•PIIRPOSE 
RESERVOIR 

PROPOSED IIULTti'LE- PUIII'OSC RESERVOIR 
WITH RECHARGE STORAGE 

.......;,.,===····· 



,r;-._ 
; . 

r· 

. .__ 
~-

--------·--------------
+ 
~ 

_os•_ + 

VICINITY MAP 
ICAUIMKI.D , ' ' . -

co. 

OKLAHOMA 

r--
I 

::120 
I 

3 
!!; I !!; 

I 
~15 
~ 
0: 
iii 
E 
0 10 
w .. c ... 
" ,. 
a 
:1 5 

0 
23 24 

SEPTEMBER 1955 

24.0 
C·l 

12.0 
C·3 

8.3 
AIIP WOOD 
2 Ill. s. 

u 

~ 
+ 

NOTE.' 

''""'•tal IIIII/I ,. ~ 011 <JliiiiNflld 
n/DfQ/1 til 'llg,J/11, U.S. W1111IH' BwlltMJ 
-alllft:l/ lllltlOIJI IIDd mllt:llllaM-
-·11'11111111111 olllitllld lir "Bwk•t 
Slrr"'• ol tl'"' ol mo61 ,,,.,.. 
/NIIUPIIIIIIOtl 
Til# IHIIIIten Ol•if'n•tl lo mn"114trHW 
--11111111111 lir CINPI of £aglt!11.,1 
lUll flU /HIIIIflc~l/011 /IIIF/101111 111111. 

~ BLANCO CO. 

·~ + 

WATERSHED BOUNDARY 

EXISTIIIO RESERVOIR 

PROPOSED WATER CONSERVATION 
RESEA\10:11 

PROPOSED MULTIPLE •PUliPOSE 
RESERVOIR 

~ PROPOSED MULTIPLE•P\JI!PQSE RESERVOIR 
~ WITH RECHARGE SlORAGE 

= OTHER INVESTIGATED OAM SITES 

EDWARDS UllllEI!GR<ltmD ~TER DIST. BOUNDARY 

~ EDWARDS UNCERGIIOIJND RESERVOIR 

ARMY 

N~ 



of the Edwards Plateau~ Runoff from this storm produced the maximum 
known peak discharges in the upper part of the Frio, Sabinal., and 
Guadalupe River watershedso Maximum peak discharges are as follows: 
Frio River at Concan, 162,000 second-feet; Guadalupe River near Comfort, 
182,000 second-feet; Sabinal River near Sabinal, an estimated 86,000 
second-feet. Several additional intense storms which covered smaller 
areas were: the storm of May 25-30, 1929 which produced the maximum 
known peak discharges of 113,000 and 139,000 second-feet on the Blanco 
River at Wimberley and Kyle, respectively; the storm of May 31, 1935 
which produced the maximum known peak discharge of 230,000 second-
feet on Seco Creek about 11 miles north of D 'Ranis; the storm of 
June 10-15, 1935 which produced the maximum known peaks of 550,000 
second-feet on the West Nueces River near Brackettville and 616,000 
second-feet on the Nueces River near Uvalde; the storm of September 
26-27, 1946 which produced the maximum known peak discharge of 58,000 
second-feet on Calaveras Creek at San Antonio; the storm of September 
9-ll, 1952 which produced serious flooding on the Blanco River with a 
peak discharge of 95,000 second-feet at Wimberley; and the storm of 
September 23-24, 1955 which produced the maximum known peak discharge 
of 307,000 second-feet on the Nueces River at Laguna. The effect of 
the Balcones Fault on storms in the area is discussed in the follow-
ing excerpt from a published report: y 

"The escarpment along the Balcones fault zone tends doubtless 
to increase the rainfall in its vicinity to some extent, be
cause it forces warm moist air from the Gulf to rise, then to 
expand and cool, thus inducing heavy rainfall. The possible 
effect of the escarpment may be exaggerated, because whenever 
intense rains occur in-that area, terrific floods are likely 
to follow, not because the rain was greater in volume or in
tensity than often occurs in the coastal area, but because of 
the steepness of the slopes, the shallowness and rocky character 
of the soil, and the narrow flood plains of the stream channelso" 

38. Table 15 gives peak discharges and flood volumes of some of 
the larger floods at selected gages in the upper watersheds of river 
basins in the vicinity of the Balcones Fault and in the study area. 

39. liYPOTlmiCAL FlOOD HYDROGRAPHS. - In connection with the 
determination of flood-control storage requirements,flood volume
duration-frequency studies were made for the reservoirs, based on 
gages throughout the area, in order to establish the degree of pro
tection that would be afforded by varying amounts of flood-control 
storage in each project. These studies were developed in accordance 
with the method set forth in Section VI of "Statistical Methods in 

y Dalrymple, Tate, and others, ".Major Texas Floods of 1936." Uo S. 
Geological Survey Water Supply Paper 816, page 10, Cause of floods. 
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"Hydrology" by Leo R. Beard, dated January 1962, and recommended for 
use in ER lll0-2-1450. Data obtained from the volume-duration-frequency 
curves were used to construct hypothetical hydrographs for floods of 
selected frequencies at each reservoir. 

40. NATURAL RECHARGE CAPACITIES. 

a. General.- Analyses of available data pertaining to 
natural recharge capacities have been made for all streams that cross 
the recharge zone of the Edwards Reservoir. The amount of data avail
able varied considerably from one location to the next. It was possi
ble to make more detailed analyses for some areas due to the presence 
of stream gaging records both above and below the outcrop. Most of 
these gages, hO'W'ever, have been in operation only a short time and 
the recorded losses are not necessarily indicative of the maximum 
recharge capacities. Estimates were made for streams 'W'i thout stream 
gaging records by comparison 'With the recharge rates for adjacent 
streams. In addition, use was made of published reports containing 
estimated recharge rates for certain streams 'Within the Edwards Under
ground area. Preliminary analyses led to the elimination of some 
streams from further investigation into the possibilities of recharge 
reservoir construction. The major reasons for the eliminations were: 
(1) the estimated natural recharge of a number of the streams repre
sents a large percentage of the runoff; hence, improvement could not 
increase the recharge significantly; ( 2) no sui table dam site was 
available in several areas. The locations of the investigated projects 
are shO'W'n on plate 4. The streams that were investigated in more de
tail are as follows: Nueces River, Frio River, Sabinal River, Medina 
River, Guadalupe River, and the Blanco River. Recharge characteristics 
of these streams are discussed in the follO'W'ing paragraphs. 

(1) Nueces River. 

(a) The investigation of the recharge capacity of 
the Nueces River is based on analyses of u. s. Geological Survey gage 
records. Stream gaging records are available on the Nueces River and 
the West Nueces River, a tributary to the Nueces River. The Laguna 
gage on the Nueces River, uhich is located above the recharge zone, has 
about 39 years of record. The Brackettville gage on the l-Test Nueces 
River, '\-Thich is above the recharge zone, was installed in October 1940, 
·cut l-zas discontinued from October 1950 through March 1956. The Uvalde 
gage on the Nueces River is located below the recharge zone and is 
approximately 16 miles downstream from the confluence of the Nueces and 
West Nueces River. As indicated by the gage near Brackettville, Texas, 
there is seldom any flow in the West Nueces River except in periods of 
heavy rainfall. By taking into consideration the recorded or estimated 
flow of the West Nueces River, it is possible to estimate the recharge 
rate for the Nueces River downstream from the recommended dam site. 
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TABLE 15 

FLOOD DATA 

Pealt. Date Flood volw:te 
Date of :rlood dischnrce of pnooine r,ace 

--------------------~--~(c~f~o~)--~~--~p~e~a~k--~~(a~c~r=•~-~~ee~u~ 

\'fest Nueces River near Brackettville - D.A. = 700 ::;q . oi. 

June 1935 
June 16-19, 1950 

550,000(1) 
1.01~,000 

June 11~ 

June 17 104,4oo 2.80 

(1) Neaaurement made by U. s. Geoloaical nurvey 10 miles above mouth. 

Nueccs fliver at laguna - D.A. = 761t- ~:;q. mi. 

June 13-lll, 1935 
Septer.>ber 15-19, 1936 
July 13-15' 1939 
September 24-27, 195 5 

213,000 
11l~,ooo 

222,000 
307,000 

June 14 
September 16 
July 13 
September 24 

277,900 
111,890 
89,000 

153,810 

Nueces River belov Uvalde - D. A. = 1,947 !;q. rni. 

September 1-4, 1932 
June 13-18, 1935 
July 13-15' 1939 
September 24-27, 1955 
June 17-20, 1958 

207,000 
616,000 
89,000 

189,000 
146,000 

September 1 
June 14 
July 13 
September 24 
June 17 

200,000 
1:61,700 

57,480 
143,900 
191,100 

6.82 
2. 74 
2.18 
3·77 

2.72(1) 
4.48(1) 
0.55 
1.39 
1.84 

(1) 1,:enourement 1<as made at the ease near Uvalde-D .A. ~ 1,930 sq. mi. 

Frio River a.t Concan - D.A. = 405 nq. mi. 

July 1-6, 1932 162,000 July 1 150,620 
June 13-18, 1935 lo6,ooo June 111 115,l4o 
September 15-1.9, 1936 119,000 September 16 44,230 

· -r·r:&.u "l\':I:Yt:.t• ·-uec:n· ·'"r.lt::rul --~ 'lJ.h. . "" -:':) £· .. ~ "'i· 

July 2-8, 1932 230,000 July IJ 52ll,o80 
l'!aY 29-June 8, 1935 68,300 June 2 261,6oo 
June 13-22, 1935 50,500 June 16 251,66o 

Cabinal fliver- near Sabinal - D.A. ~ 2o6 oq. mi. 

May 24-25, 1954 15,800 Nay 211 5,460 
June 17-19, 1958 55,200 June 17 29,850 
June 25-2G, 1959 11,900 June 25 10,950 

Sabinal n.iver at Sabint'.l~D.A . = 2l:7 :;q. r.!i. (1) 

1-!ay 24-26' 1951, 15,900 i:o.y 21; 8,050 
Jur.e 17-20, 1958 73,300 June 17 42,230 
June 26-29, 1959 15,900 June 26 11,250 

( 1 ) Gage, is located belou 13.alcones fault zone. 

Hondo Creek nea~ Tarpley - D.A. ~ 101 cq. :ni . 

Hay 211.26, 1954 
September 22-24, 1957 
Juae 17-20, 1958 

13,600 
25,300 
69,8oo 

J.!ay 21• 
Septer.tber 22 
June 17 

2,o80 
6,900 

26,1;()0 

Hondo Creek near Hondo - D.A. = 132 S'l· mi. (1) 

Hay 211-26, 19~4 
Zepte:::ber 22.211, 1957 
June 17-20, 1958 

13,700 
20,500 
71,700 

[.iay 21:. 
Sentero.ber 22 
JW,e 17 

(1) Gage is located belolr Balconcs fa.ult zone. 

Scco Creek nee.r Utopia - D.A. "" 53 sq. mi. 

Gepternber 22-25, 1957 
June 17-20, 1958 

12,100 
52,6oo 

~~eptenber 22 
June 17 

2,600 
6,010 

22,980 

Seco Creel< near D'llanio - D.A. = 07 sq. ni. (1) 

[.!ay, 1935 
Sept~~ber 22-24; !9!'7 
June 17-19, 1958 

230,000(2) 
12. 1100 
72;000 

1:.ay 31 
r ..... Tit.enber 22 

JW,e 17 

(1) Gace located beloH Ba.lcones :rault zone. 

6.97 
5·33 
2.05 

2.!33 
1.4o 
1.35 

0. 50 
2.72 
1.00 

o.6l 
3· 19 
o.85 

0.39 
1.28 
'•·90 

0.37 
0.97 
j.26 

o.Bl 
4. 32 

(2) r.Jeacurc:nent rode by U. s. Geoloeicnl Survey 11 !:lilen a.bove D'Hanis) 

Medina River near Pipe Creek - D.A. = lq4 ~q. 1:11. 

July 1-5, 1932 
July 24, 1935 
June 17-19, 1950 

61~,000 

4o,4oo( l ) 
37,100 

(1) Ztat.ion nbandoned July 25. 

Julyl 
July 211 
June 17 

81,8:30 

30,660 

Gurulalupe River at. Comfort - D.A. = 836 r.q. mi. 

July 1-3, 1932 
J.lay 25-2!3, 1944 
September 10-12, 1952 
October 4-7, 1959 

182,000 
59,1100 
3(l,6oo 
93,200 

July 1 
l·iay 26 
Septe:;~ber 10 
October 1• 

136,0"10 
'19,030 
19,84o 
56,900 

(1) t-~ll.sure.•:umt wati runde at cas:e near Comfort - D.A. = 762 sq . .r::1.i. 
!!ote: Gage uas not operatinG during 193:i floo:l. 

Guadalupe llivcr near Cprinq ~:ranch - D.A. = 1,202 ::q . :::1. 

July 2-1>, 1932 
June 13-17, 1935 
Ply 25-29, 1911!: 
Gepte~ber 10-13, 1952 
October 4-B, 19)9 

121,000 
llh,ooo 
28,000 
66,900 
1>2,500 

July 3 
JWle 13 
!·!ay 2( 
SepteMber 11 
October ~ 

19h,::;Bo 
179, 520 

62,9110 
119,190 
63,2'(0 

Blc..nco itiver ot ~·~i.r.!bcr1ey - D. A. = 353 cq. ni. 

J.1ay 28-31, 1929 113,000 l(:ly 28 84,630 
~epte1:1ber 11-lh, 1952 95,000 f..epte::tbe:r 11 77,81>0 
April 2h-2S, 1957 62,6oo April 24 27,990 
J.la.y 2-5, 1950 9-.),1:00 1.:ay 2 '•3,700 

3.24 

1.21 

3·35( 1) 
1.10 
0.44 
1.28 

1~.50 

h.13 
1.1:9 
2.36 



(b) During a 5-da.y period from August 31 to 
September 5, 1942, the average daily infiltration rate varied from over 
300 second-feet to over 16.00 second-feet. On October 20, 1962, the 
average daily flOW' at the Laguna gage was 901 second -f.eet, w1 th a peak 
discharge of 3210 second-feet. All of this flow was lost ~o the under~ 
ground reservoir in crossing the recharge zone. The above recharge 
values are examples of the infiltration that has been experienced in 
the Nueces River channel below the recommended dam site. 

(2) Frio River. 

(a) Stream gaging records are available on the Frio 
River and Dry Frio River, above the ·recharge zone. The Concan gage on 
the Frio River, which is located above this zone, has about 39 years of 
record. The Reagan Wells gage on the Dry Frio River, however, was not 
installed until September 1952. The Dry Frio River enters the Frio 
River a short distance downstream from the lower edge of the recharge 
zone. Approximately five miles downstream from the confluence of the 
Dry Frio with the Frio River the Geological Survey installed a stream 
gage on the Frio River near Uvalde. By use of these gages it was 
possible to estimate the recharge rate for the Frio River. 

(b) On July 17, 1955, the average daily flow at 
the Concan gage was 447 second-feet, with a peak discharge of 2670 
second-feet; all of this flow was lost to :the Udwards Underground 
Reservoir. An average daily flow of 728 second-feet, having a peak 
of 3500 second-feet, was lost to the underground on October 20, 1962. 
The above losses are the only examples of high rates of recharge 
since the gage has been installed below the recharge zone on the 

· Frio River. 

(3) Sabinal River. 

(a) Stream gaging records are available above the 
recharge zone since October 1942, and below the recharge zone since 
September 1952. · There are no large tributaries entering the Sabinal 
River between the gages; therefore, the recharge was estimated to be 
the difference in the amount of flow passing the two gages. 

I 
(b) The losses on the Sabinal River varied from 

500 second-feet to 300 second-feet for a five day period from July 16 
through July 20, 1960. On May 6, 1963, the average daily flow was 4o6 
second-feet, having a peak of 1010 second-feet; all of this flow was 
lost to the underground. The recommended dam site is locate~ within 
the loss area; therefore, it is expected that the recharge rate will 
increase due to the large area of exposed limestone that is within 
the reservoir storage limits. 
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( 4) Medina River. 

(a) The two major loss areas in the Medina River 
Basin are the Medina Reservoir, and the small diversion dam that is 
located approximately four miles downstream from the main reservoir. 
As stated in a published report: !/ 

"The two components which make up this loss have different 
characteristics. The loss on the main reservoir would be ex
pected to vary with the stage of the water in the reservoir, 
whereas the loss from the diversion reservoir is more or less a 
constant, continuing whenever the reservor is being used, be
cause it operates With very little variation in head •••• 

"On a falling stage the combined losses in the two reser
voirs vary from about 50 second-feet (whenever there is more 
than 30,000 acre-feet in storage) to something in excess of 
120 second-feet when the reservoir is full. When the stage is 
rising the losses vary from about 90 second-feet to more than 
165 second-feet. 

"As indicated above, the losses from the diversion reser
voir and the channel downstream are independent of stage in the 
main reservoir, and are more or less constant as long as water 
is being supplied to the canal. \oli thout additional information 
it was assumed that this loss would be a constant ••• and 
would amount to about 25 second-feet." 

(b) It is noted that the above data and conclus
ions were reviewed and adopted by Guyton in a report dated 1958. gj 
In the 1958 report, several additional years of record were evaluated, 
and found to generally substantiate the original findings. This office 
also reviewed the original computations, examined the latest available 
records and found Lowry's original computations to be satisfactory. 

( 5) Guadalupe River. 

"The Guadalupe River, in contrast to most of the other 
streams crossing the Balcones fault zone, apparently does 
not lose significant quantities of water to the Edwards lime
stone. • • • Investigations to determine seepage losses have 

y Lowry, R. L., 1953 "Hydrologic Report Medina River Above the 
Applewhite Dam Site." Consulting Engineer 1 s Report to San 
Antonio City Water Board. 

?) Hilliam T. Guyton and Associates, March 1958, "Leakage from 
Medina Lake, Medina County, Texas." 
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"failed to disclose losses greater than those that might be 
expected from eva.PO-tmnspiration. However, there are minor 
losses and gains in various reaches of the river • • • • " ~ 

( 6) Blanco River. 

"Records of the discharge of the Blanco River at Wimberley, 
which is above the outcrop of the Edwards, are available for 
the period since June 1928. No continuous records of discharge 
are available below the outcrop. Discharge measurements to 
determine seepage losses or gains indicate that, With discharge 
up to approximately 200 cfs at the gage, the loss in crossing 
the outcrop of the Edwards limestone is about 15 cfs. ·There
fore, the limit of infiltration in this section has been set 
at 15 cfs regardless of flow above 200 cfs at the gage. All 
flows up to 15 cfs are assumed to be recharge to the ground 
water reservoir •••• " 'J/ 

b. Recommended Releases for Recharge.- The reservoirs 
considered for the improvement of the recharge of the underground are 
Montell, Concan, and Sabinal Reservoirs. The storage requirements 
for these reservoirs were determined based on various release rates 
covering re&sonable ranges indicated by the gage records. It was 
found that regardless of the release rate selected, there was only 
a small difference in the storage requirements. This was due pri-

. marizy to the normally short duration of the surface runoff in this 
area. The release rates which have been adopted for this study are· 
values which approach the maximum average daily losses that have 
been experienced. The recommended rates for Montell, Concan,· and 
Sabinal Reservoirs are 1,000 second-feet, 750 second-feet and 500 
second-feet, respectively. It is .POSsible that these rates may 
have to be adjusted after experience gained from the operation of 
the reservoirs indicates more closely the actual recharge rates. 

4lo CHANNEL CAPACITIES.- Minimum channel capacities down
stream from the Montell, Concan, Sabinal, and Cloptin Crossing 
Reservoirs are shown on table 16. · 

'J/ Petitt, B. M .. , Jr. 1 and George, ,-1. 0., 1956 U. S. Geological 
Survey, "Ground Water Resources of the San Antonio Area, Texas, 
A Progress Re.POrt on Current Studies, 11 Texas Board of Water 
Engineers Bulletin 5608, Volume I. 
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rru~ces 

Frio 

S:.1bin:::l 

Frio 

IJucces 

Blanco 

Sen l·brcos 

Gu:.ldo.lupc 

CHl'.ImEL C,\PliCITII!S 

Locr.t:!.on 

La gun~ 

Nr Uv:~lcic 

Ur Cinonh1 (discontinued cn::;e
uboye mouth of Turkey Creek) 

Ur :"u:;hcrton 

tlr 'l'ilden 

Con~.n 

Hr ~=J·:binc.l 

Derby 

Cull :them 

Nr 'l'hree Tiivcrs 

~·Tir.1berlcy 

Nr Y~rlc 

LulinG 

Ottine 

GonzoJ.es 

Ur Cuero 

Victoria 

I ~ni::i.lllil ch:mnc J. 
c:l~cH.ic::; ci':J) 

5,000 

(); ,ooc 

15,000 

20,000 

~,coo 

5,000 

7,000 

3,000 

·r ,ooo 
10,000 

5,000 

15 ,ooo( ~.) 
1;;,ooo(2) 

14,000 

12,000 

15,000 

20,000 

12,000 

(1) Channel capacity i~ rcstrict;ed to cppro;~i:-.mte~.y 5,000 second
feet by lou lvater crossings on County roads. 

(2) Ch:mnel capacity is restricted to nppro;:ir.mtcly 6,000 second
feet by lou lvatcr crossings on County roads. 
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SURFACE RESERVOIRS 

42. EXISTING AND AUTHORIZED FEDERAL PRQJECTSo- The existing and 
authorized Federal projects in the study area are those of the Corps of 
Engineers and the Soil Conservation Serviceo These projects are dis
cussed in paragraph 8 and located on plate l3o 

43o EXISTING NON-FEDERAL RESERVOIRS.- The existing non-Federal 
reservoirs in the study area are discussed in paragraph 9 and located 
on plate l3o 

44. RECOMMENDED PIAN.- The recommended plan will provide controlled 
recharge storage for the underground reservoir, additional water 
supply storage and recreation facilities for the people of the Edwards 
Reservoir area, and flood protection for the downstream areas of the 
Nueces and Guadalupe River Ba.sinso The storage allocations for the 
reservoirs are given in table 17. Location of the recommended reser-· 
voirs is shown on plate 13. Reservoirs recommended in the plan of 
improvement are as follows: 

a. For authorization and construction by the Federal 
Government: 

(1) Montell Reservoir on the Nueces River for flood
control, water supply, recharge, and for recreation and fish and wild
life purposes, including a channel dam and a pipeline for water supply 
to downstream areas of the Nueces River Basino Detailed pertinent data 
are shown in table 18. 

(2) Concan Reservoir on the Frio River for flood-control, 
recharge, and recreation purposes. Detailed pertinent data are shown 
in table 19. 

(3) Sabinal Reservoir on the Sabinal River for flood
control, recharge, and recreation purposes. Detailed pertinent data 
are shown in table 20. 

(4) Cloptin Crossing Reservoir on the Blanco River for 
flood-control, water conservation, recreation, and fish and wildlife 
purposes. Detailed pertinent data are shown in table 21. 

b. For construction by local interests.- Dam Noo 7 Reser
voir on the Guadalupe River for water conservation. 

45. AREA AND CAPACITY OF THE RESERVOmS.- The area and capacity 
of the reservoirs investigated for this study were determined from 
available topographic maps of the reservoir sites. The topographic 
maps were planimetered and the area at and below each mapped contour 
was plotted versus elevation to form area-elevation curves. Areas were 
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p:i.cked from these curves at 1-foot intervals and capacities were com
puted therefrom by the average-end area methode Tabulations of initial 
areas and capacities are given in tables 22 through 26 for Montell, 
Concan, Sabinal, Dam Noo .7, and Cloptin Crossing Reservoirs o 

46. DETERMINATION OF RESERVOIR INFLOWS .. - Monthly flows were de
termined at the existing and investigated reservoir sites in the Edwards 
Reservoir area for periods including a reasonably representative cycle 
of floods and runoff deficiency in the vicinity of the reservoirsQ The 
monthly flows were based on: (1) existing conditions of runoff, general
ly determined from observed records at stream-gaging stations, and (2) 
runoff under 2025 conditions of watershed developnent. Because of the 
small consumptive use of surface water in the area and because total 
surface reservoir capacity in the basin was very small prior to 1962, 
it was considered that historical runoff was the same as runoff under 
existing conditions of watershed development. It was, however, neces
sary to adjust existing flows to 2025 conditions for water supply 
studies. The United States Study Commission - Texas had previously 
determined 2010 flows at the Canyon Dam site on the Guadalupe River 
and at the Wimberley Dam site (approximately 10 miles downstream from 
Cloptin Crossing) on the Blanco River for the period 1941-1957· The 
factors adopted by the USSC -T for the conversion of existing to 2010 
conditions runoff were based upon thorough studies of future watershed 
development. The methods and procedures used were examined, found to 
be acceptable, and the factors adopted for use in this reporto Since 
the U. S. Study Commission assumed that the watershed development for 
these basins would be substantially complete by 2010, these conversion 
factors, relating natural to 2010 runoff, also relate natural to 2025 
runoff. Because of the proximity of the dam sites, the factors developed 
for Canyon and Wimberley Dam sites were considered applicable to Dam 
No. 7 and Cloptin Crossing Dam sites. Factors for the conversion of 
natural to 2025 flow for the period prior to 1941 and subsequent to 
1957 were determined in a manner similar to that for the 1941-1957 
period .. 

47. The report of the U. S. Study Commission - Texas did not 
recommend construction of reservoirs above the Balcones Fault Zone in 
the Nueces River Basin and consequently studies for the report did not 
determine whether anticipated watershed development would reduce future 
runoff appreciably from that area. The studies of future conditions 
depletion of runoff were accomplished for the u. s. Study Commission -
'l'exas by the U. S. Bureau of Reclamati()n and were based upon procedures 
which that agency had developed in connection with its report on "Gulf 
:Basins Project, Texas." 

48. These procedures and a discussion of them is presented in 
Annex (c-8) of the above report titled "Iand Treatment, Pond and Minor 
Reservoir and Floodwater Retarding Structure Depletions," dated August 
1958. According to the introduction to Annex (c-8), 
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TABLE 17 

EXISTnm AND RECOMMENDED RESERVOIRS - EDWARDS UNDERGROUND RESERVOIR AREA 

. :Contributing : Stora6e capa.ci ~ ~acre -f'eet ~ . 
Reservoir: Stream River :drainage area: 

mile (sq. mi.) Sediment :Conservation: 

FEDERAL PROJECTS 

Montell Nueces 4ol.6 707 12,000 1,000 

Concan Frio 226.2 391 7,800 0 

Sabinal Sabinal 42.3 210 4,200 0 

Canyon Guadalupe 303.0 1,425 28,100 366,400 

Canyon 
w/Dam 7 Guadalupe 303.0 301(2) 10,300 378,900 

Cloptin 
Crossing Blanco 32.5 307 9,200 274,900 

LOCAL INTERESTS PROJECTS 

Dam 7 Guadalupe 351.3 1,124 17,500 640,500 

(1) Dual-purpose storage {flood control and recharge). 

( 2) Local area below Dam 7. 

F-e . . 

239,300(1) 

141,200(1) 

89,100(1) 

346,400 

351,700 

119,900 

Total 

252,300 

149,000 

93,300 

740,900 

740,900 

4o4,ooo 

658,000 

: 2025 
:Yield 
: ( cf's) 

6 

0 

0 

133 

67 

59 

130 



LOCATION: 
R.M. 401.6 on Uueces River in Uvalde 
County, and about 2.5 mi. south of 
Montell; about 11.5 mi. south of 
Camp Wood, Texas 

DRAINAGE AREA: 

DAM: 
-Type: 

Length: 
Max. height: 
Top width: 

707 sq. mi. 

Rock fill w/spuy near 
left abutment 

7,36o ft. 
158 ft. 

30 ft. 
' 

H SPILLWAY: 
H 
I 

~ 

~ 

~ 

I 
I-' 
I 
0'. 
V1 

Crest: 
Length: 
Type: 
Control: 

Features 

Top of dam 

1331.0 ft. msl 
960.0 ft. 

Broad crested 
None 

Elev 
feet 
msl 

1371.0 
Naxinnml water surface 1366.0 
Flood control pool 1331.0 
Spillway crest 1331.0 
Conservation pool 1237 .o 
Sediment reserve 

Total storage 
Maximum tailwater 1257.4 
Streambed 1216.0 

Reservoir 
area 

(acres) 

10,18o 
6,200 
6,200 

26o 

TABLE 18 

J.10IITELL RESERVOIR 
(RECOMMENDED) 

INFLOl-1: 
Spillway design flood peak, cfs 
Spillway design flood volwne, 

ac-ft 
Spillway design flood runoff, incbes 

OUTFLOW: (El. 1366.0) 
Total routed peak outflow, cfs 
Spillway 
Outlet works 

OUTLET WORKS: 
Type: 
Dimension: 

1 gate controlled conduit 
15' diameter 

893,9JO 

821,300 
21.78 

581,000 
570,6oO 
10,4oo 

Control: 3 - 5'811 
X 12 1 0 11 t to rae r-typegates 

1216.0 :ft .. msl Invert: 

POWER FEATURES: 
None 

RESERVOIR DATA 
Reservoir caE!citl 

Accumu- Incre- Spillway Outlet works 
lative Runoff : mental cana.city capacity 
(a.c-ft) (inches) :(a.c-ft) (cfs) (cfs) 

533,100 14.14 570,6oO 10,4oo(2) 
252,300 6.69 239,300 0 10,350 
252,300 6.69 0 10,350 

2,200 0.06 1,000 0 3,4oo 
12,000(1) 

252,300 

(2) O/t-1 submerr:~ed by ta.iluater (1) Sediment distributed as follows: 
1,200 ac-ft below cl. 1237.0 

10,800 ac-i't bctlreen el. 1237 .o and 1331.0 



:r.: 

lOCATION: 
R.t.I. 226.2 on Frio River in 
Uvalde County, and about 1.0 
mi. northeast of Concan, Tex. 

DRAINAGE AREA: 391.0 sq. mi. 

Rock'fill w/spwy near 

~ngth: 

Ma.x. height: 
Top width: 

SPILIMAY: 
Crest: 
~ngth: 

Type: 
Control: 

Features 

right abutncnt 
2,955 ft. 
164.0 ft. 
30 ft. 

1366.5 ft msl 
1030 'ft. 
Broadcrested 
None 

Elev 
feet 
msl 

Reservoir 
area 

(acres) 

Top of dam 1399.5 
Maximwn liS.ter sur

face 
Flood control pool 
Spillway crest 

1394.2 
1366.5 
1366.5 

5,670 
3,830 
3,830 

Sediment reserve 
f Total storage ...... b-. l·faxinum tailwater 1283.3 

\.Jl Streambed l24o.o 

(1) o/tf submerged by tailwatcr. 

TABLE 19 

CONCAll RESERVOIR 
( RECO:.R.fEIIDED) 

:rnFLOil: 
Spilll-Jay de:;i~ flood peak, cfs 
Spillway uesign flood volume, ac-ft 
Spillway design flood runoff, inches 

OUTFL0\-1: (El. 1394.2) 
Total routed peak outflow, cfs 
Spillway 
Outlet works 

Ol.J'l'IEI' WORKS: 
Type: 
Dimension: 

1 gate-controlled conduit 
13 1 diameter 

592,500 
489,4oo 

23.h7 

433,000 
425,300 

7,700 

Control: 
Invert: 

2 - 6 1 X l3 1 Tractor-typc estes 
l24o.o ft. mal 

POWER FEATURES: 
None 

RESERVOIR DATA 
Reservoir capacity 

Accumu- Incre-
lative : Runoff mental 
(ac-ft) :(inches) (ac-ft) 

200,6oo 13.46 
149,000 7.15 141,200 
149,000 7.15 

'fz&>O 
149,000 

Spillway. 
capacity 

(cfs) 

425,300 
0 
0 

Outlet works 
capacity 

{cfs) 

7,700(1) 
8,000 
s,ooo 
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:WCATION: 
R.M. 42.3 on Sabinal River in 
Uvalde County and about 11.0 
mi. north of Sabinal, Texas 

DRAINAGE AREA: 210 sq. mi. 

DAM: 
-Type: Rock fill w/gated spwy 

Length: 
Max. height: 
Top width: 

SPILIMAY: 
Crest: 
Length: 
Type: 
Control: 

in river channel 
2,150 ft. 
llL~ ft. 
30ft. 

1196.5 ft. msl 
240 ft • net @ crest 
Ogee 
6 - 4o' x 30 1 tainter gates 

Elev Reservoir 
Features feet area 

msl {acres) 

Top of dam 1244.0 
~~imum water surface 1238.8 3,86o 
Flood control pool{2) 1226.5 2,990 
Spillway crest 1196.5 1,320 
Sediment reserve 

Total storage 
Maximum tailwater llr{9.Q 
Streambed 1130.0 

TABLE 20 

SABINAL RESERVOIR 
{RECOMMENDED) 

INFLOt·l: 
Spillway design flood peak, cfs 
Spillway design flood volume, ac-ft 
Spillway design flood runoff, inches 

OUTFLOW: (El. 1238.8) 
Total routed peak outflow, cfs 
Spillway 
OUtlet works 

OUTLET WORKS: 
Type: 
Dimension: 
Control: 
Invert: 

2 sluices 
3 1 X 6 1 

2 - 3 1 x 6' slide 
1130.0 ft. msl 

POWER FEATURES: 
None 

RESERVOIR DATA 
Reservoir capacity 

gates 

381,800 
249,000 

22.23 

270,6oO 
270,6oO 

0 

Accumu- Incre- Spillway OUtlet works 
lative : Runoff mental capacity capacity 
{ac-ft) :(inches) (ac-ft) (cfs) (cfs) 

135,200 12.07 270,6oO 0(1) 
93,300 8.33 89,100 156,200 1,730 
30,100 2.69 0 1,420 

42200 
93,300 

(1) Outlet works inoperative during routing of spilluay design flood 
(2) Also top of gates 



TABLE 22 

EDWillDS UI!DERGROUUD P.ESFWO:il\ 
mn:x:m RIVER 

MONTELL RmERVOIR 
R, M. 40l.6 

ARFA AND CAPACITY DATA 

El 0 1 2 3 ,, 5 ?) 7 a 9 

ARFA • ACRES 

1210 0 2 5 9 
l220 13 20 30 42 54 68 84 102 117 1311 
1230 153 168 183 196 212 226 241 256 273 292 
1240 314 342 370 400 429 462 494 526 559 591 

1250 623 656 687 720 752 785 818 853 887 924 
1260 962 1,oo4 1,o49 1,097 1,147 1,200 1,253 1,3o8 1.,364 1,419 
1270 1,476 1,528 1,588 1,649 1,712 1,774 1,842 1,9o8 1,973 2,042 
1280 2,109 2,1.76 2,246 2,314 2,386 2,456 2,526 2,598 2,672 2,'(46 
l290 2,819 2,892 2,964 3,038 3,1.14 3,190 3,266 3,344 3,422 3,502 

1300 3,578 3,653 3,728 3,803 3,877 3.953 4,029 4,1o6 4,184 4,263 
1310 4,343 4,427 4,513 4,603 4,694 4,788 4,886 4,982 5,076 5,1611 
1320 5,251 5.338 5,1122 5,504 5,586 5,670 5,756 5,842 5.927 6,014 
1330 6,098 6,196 6,292 6,392 6,492 6,593 6,693 6,794 6,898 7,oo4 
1340 7,1o8 7,2o6 7,300 7,396 7,488 7,580 7,674 7,710 7,866 7,973 

1350 8,o83 8,186 8,298 8,416 8,536 8,658 8,784 8,914 9,()41. 9,174 
1360 9,323 9,454 9.~5 9,737 9,885 10,032 10,180 10,330 10,475 10,616 
1370 10,762 10,904 ll, 5 1.1,186 1.1,325 1.1,457 11,593 1.1,731 11,869 12,007 
1380 12,1.54 12,296 12,440 12,584 1.2,728 12,868 13,oo8 13,150 13,298 13,451 
1390 13,608 13,778 13,954 14,127 14,3o6 14,488 14,670 14,852 15,034 15,216 

1400 15,398 15,600 15,7?0 15,980 15,Ul0 16,:;8o 115,5')0 1),800 17,010 17,~"0 

1410 17,420 1'{,640 17,860 18,o80 18,300 18,530 18,750 18,98o 19,210 19,440 
1420 19,670 19,910 20,150 20,390 20,640 20,890 21,150 21,420 21,700 21,98o 
1430 22,260 22,54o 22,630 23,120 23,420 23,710 24,010 24,310 24,610 24,910 
144o 25,197 

El 0 1 2 3 li 5 li 7 8 2 
CAPACITY • ACRE•FEET 

1210 0 1 5 12 
1220 23 39 64 100 148 209 285 378 488 614 
1230 758 918 1,094 L,284 1,488 1,707 1,941 2,189 2,453 2, 735 
1240 3,038 3,366 3,722 4,107 4,521 4,967 5,445 5,955 6,497 7,072 

1.250 7,679 8,319 8,991 9,695 10,431 11,199 12,001 1.2,837 13,707 14,613 
1260 15,556 16,539 17,565 18,638 19,760 20,934 22,160 23,440 24,776 26,168 
1270 27,616 29,118 30,676 32,291. 33,974 35,717 37,525 39,400 41,340 43,348 
l.28o 45,424 47,566 49,777 52,057 54,407 56,828 59,319 61,881 64,516 67,225 
l290 70,007 72,803 75,791 78,792 81,868 85,020 88,248 91,553 94,936 98,398 

1300 101,938 105,554 109,244 113,010 1.16,850 120,765 124,756 128,824 132,969 137,193 
1310 141,496 145,881 150,351 154,909 159,557 164,298 169,135 174,069 179,098 184,218 
1320 189,426 194,720 200,100 205,563 211,1o8 216,736 222,449 228,248 234,132 240,102 
1330 246,158 252,305 258,549 264,891 271,333 271,875 284,518 291,262 298,1o8 305,059 
1340 312,115 319,272 326,525 333,873 341,315 348,849 356,476 364,198 372,016 379,936 

1350 387,964 396,098 4o4,340 412,697 421,173 429,770 438,491 447,340 456,319 465,428 
1360 474,676 484,o64 493,588 503,254 513,065 523,023 533,129 543,384 553,786 564,332 
1370 575,021 585,854 596,828 607,944 619,200 630,591 642,116 653,778 665,578 677,516 
1380 689,596 701,821 714,189 726,701 739,357 752,155 765,093 778,172 791,396 8o4, 770 
1390 818,299 831,992 845,858 859,898 874,114 888,51.1 903.090 917,851 932,794 947,919 

1400 963,226 978,"(25 994,420 1,010,305 1,026,365 1,042,665 1,059,150 1,075,645 1,092,.{50 1,109,865 
1410 1,127,165 1,144,71~ 1,162,46~ 1,180,435 1,198,625 1,217,040 1,2:,5,680 1,254,54~ 1,273,640 1,292,96~ 
1420 1,312,520 1,332,310 1,352,34o 1,372,610 1, 393,125 1,413,890 1,434,910 1,456,195 1,477,755 1,499,595 
1.430 1,521,715 1,544,ll5 1,566,800 1,589,775 1,613,045 1,636,610 1,660,470 1,684,630 1,709,090 1, 733,650 
1bi10 1,758,904 

D·A· .. 707 sq. mi., determined by subtracting nrea betveen Laguna Gage and Montell Dum Site t"rom D. r.. at Lng.:nr 
oage, (Delineated on ~ads. Bn.rksdnl.c, Davenport Hill, TUrkey 1-:-ountain, and York Hollov; scale 1:62,500). 

li.- 87 
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TABLE 23 

EDWAIIDS UNDERGROutiD .RESEnVOIR 
CONCAll RESERVOIR 

R.J.!. 226.2 - Frio River 
DRAniAGE .1\llliA 391 SQ. NI. 
AREA AliD CAPACITY CURVES 

Elev. 0 1 2 3 4 ~ li 1 s 2 
AREA ~ACRES) 

124o 0 1 2 4 6 8 10 15 18 19 
!250 20 23 25 30 36 37 4o 42 45 50 
126o 57 6o 70 8o 90 100 110 125 140 150 
1270 .1.65 175 185 203 21.6 228 243 265 271 283 
128o 302 312 328 345 358 374 392 4o8 426 41•4 
1290 463 482 501 522 51111 5611 586 6o8 630 654 
1300 675 705 732 762 7CJJ 821 852 883 914 945 
1310 gr6 1,010 1,04o 1,073 1,10U 1,141 1,176 1,210 1,245 1,278 
1320 1,315 1,355 1,4oo 1,441 1,486 1,530 1,58o 1,626 1,678 1,727 
1330 1,78o 1,827 1,878 1,927 1,~ 2,031 2,o82 2,136 2,187 2,24o 
1311() 2,290 2,350 2,4oo 2,452 2,508 2,558 2,614 2,672 2,726 2,781 
1350 2,836 2,890 2,948 3,004 3,062 3,120 3,177 3,236 3,294 3,355 
136o 3,414 3,474 3,54o 3,6o3 3,671 3,736 3,798 3,86o 3,928 3,993 
1370 4,o6o 4,120 4,190 4,259 4,324 4,393 4,463 4,532 4,6oo 4,668 
138o 4,74o 4,8o3 4,866 4,930 4,994 5,o6o 5,125 5,190 5,258 5,325 
1390 g·393 5,46o 5,526 5,593 ;,653 5,730 5,800 5,868 5,938 6,008 
14oo ,083 6,150 6,223 6,300 6,38o 6,461 6,~43 6,625 6,710 6, 7'11 
1410 6,88o 6,':170 7,054 7,142 A,22s 6·320 7,412 7,500 7,592 7,684 
11~ A'747 7,025 7,900 7,975 ,050 ,125 0,205 8,285 8,365 8,445 
1430 ,525 8,6o5 8,690 8,775 8,855 8,94o 9,025 9,115 9,205 9,295 
144o 9,384 9,475 9,570 9,665 9,755 9,845 9.935 10,030 10,125 10,215 
1450 10,305 10,395 10,485 10,575 10,670 10,760 10,850 10,945 11,035 11,125 
1460 11,210 

Uev. 0 1 2 3 4 5 6 7 8 9 

.::APACITY {ACRE-FEET~ 

124o 0 1 3 6 ll 18 27 40 57 76 
1250 96 118 142 170 203 24o 279 320 364 1112 
126o 466 525 590 665 750 845 950 1,o68 1,201 1,~1!6 

1270 1,504 1,674 1,854 2,048 2,258 2,48o 2,716 2,970 3,238 3,515 
128o 3,8o8 4,115 4,435 4,772 5,124 5.1•90 5,873 6,273 6,690 7,125 
1290 7,579 8,052 8,544 9,056 9,589 10,143 10,718 11,315 11,934 12,516 
1300 13,241 13,931 14,650 15,397 16,173 .1.6,979 17,8.1.6 18,684 19,583 20,513 
1310 21,474 22,467 23,492 24,549 25,64o 26,765 27,924 29,117 30,345 31,6o7 
1320 32,904 34,239 35,617 37,038 38,502 4o,010 41,565 43,168 44,820 46,523 
1330 48,277 50,081 51,934 53,837 55,791 57.797 59,85'• 61,963 64,125 66,~ 
134o 68,6o4 70,924 73,299 75,725 78,205 8o,738 83,324 85,967 88,666 91, 
1350 94,229 97,092 100,011 102,987 106,020 109,lll ll2,26o 115,467 118,732 122,057 
1)6<> 125,442 128,886 132,393 135,965 139,6o2 143,3o6 147,073 150,902 154,796 156,757 
1370 162,781• .1.66,874 171,029 175,25'• 179,546 183,905 188,333 192,631 197,397 202,031 
138o 206,735 211,.507 2.1.6,342 221,24o 226,202 231,229 236,322 241,48o 246,704 251,996 
1390 257,355 262,782 266,275 273,635 279,458 265,150 290,915 296,749 302,652 306,625 
14oo 314,671 320,788 326,975 333,237 339,577 31•5.998 352,500 359,o81J 365,752 3'(~, !i06 
1410 379,345 

~:~~ ~,282 4oo,38o m,565 414,8~9 422,205 429,661 437,207 44 .. ,845 
1420 452,561 ,209 476,147 ,159 492,2 7 500,412 508,657 516,982 525,387 
1430 533,672 542,437 551,085 559,817 566,632 577,530 586,512 595,582 604,742 613,992 
144o 623,332 632,762 642,284 651,902 661,612 671,412 681,302 691,284 701,362 711,532 
1450 721,791 732,141 742,581 753,lll 763 .. {33 774,448 785,253 796,151 807,141 818,221 
1460 829,393 

D.A. • 391 sq. 1111., determined by subtracting D.A. betveen site at R.M. 225.0 and site at R.M. 226.2 trcm 
area determined by u.s.a.s. for site at R.M. 225.0. Reservoir area determined trom A.M.S. Quadrangle 
"Masers Crossing, Texas," scale 1:24,000. 

~ . 
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TABLE 24 

ED',/ARDS UrlDERGHOUIID m:.;L::rlVOIH 
G,\BmAL D.:Ul UITE 

Sabinal R. ;.t. 42.3 
AREA AND CAPACIT'l C.'UR'/1!:~· 

Elcv. (i't): 0 l 2 3 4 5 6 '( 8 9 

1130 
114<> 
1150 
116o 
1170 
ll!30 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
12130 
l290 
1300 
1310 
1320 
1330 
134<> 
1350 

Elev. (i't): 

1130 
1111() 
1150 
1160 
1170 
118o 
1190 
1200 
1210 
1220 
1230 
12110 
1250 
126o 
1270 
1.2&> 
1290 
1300 
1310 
1320 
1330 
13110 
1350 

0 
70 

155 
300 
490 
720 

1,o6o 
1,473 
2,000 
2,590 
3,210 
3,9.50 
4,739 
5,620 
6,570 
7,560 
8,580 
9,644 

10,64<> 
11,700 
12,700 
13,900 
15,071• 

0 

7 
78 

165 
319 
510 
7'•8 

1,098 
1,520 
2,058 
2,650 
3,278 
4,023 
1•,1322 
5,712 
6,668 
7,660 
13, 6!3'• 
9,740 

10, 7'•2 
11,0013 
12,890 
11>,014 

1 

14 
86 

176 
338 
530 
778 

1,136 
1,568 
2,116 
2,710 
3,3116 
h,1o6 
4,906 
5,8o4 
6,766 
7,76o 
0,708 
9,8110 

10,8114 
11,916 
13,000 
111,130 

2 

21 
9'• 1130 

357 
552 
m.o 

1,176 
1,6lll 
2,171• 
2,770 
3,416 
4,184 
1•,992 
5,098 
6,664 
7,860 
8,892 
9,9110 

10,948 
12,024 
13,110 
14,246 

3 

Area - Acre!: 

28 
102 
201 
376 
571• 
81111 

1,216 
1,668 
2,232 
2,832 
3,1100 
4,262 
5,000 
5,992 
6,962 
7,962 
8,998 

10,o4o 
11,0~2 

12,132 
13,222 
11•,362 

35 
110 
215 
395 
596 
0713 

1,256 
1,'{20 
2,2')0 
2,89'1 
3,562 
4,340 
5,168 
6,o86 
7,o6o 
a,o6'• 
9,104 

10,14<> 
11,16o 
12,24<> 
13,334 
14,48o 

Capacity - Acre-feet 

5 

'•2 
119 
230 
h1'• 
.520 
914 

1,298 
1,774 
2,350 
2,956 
3,638 
4,h19 
5,256 
6,182 
7,160 
8,166 
9,210 

10,240 
11,268 
12,3118 
13,4116 
14,598 

6 

49 
123 
246 
433 
644 
?50 

1,3110 
1,830 
2,410 
3,018 
3,.716 
4,499 
5,3116 
6,278 
7,260 
8,260 
9,318 

10, 3~.0 
11,376 
12,456 
13,558 
14,716 

7 

63 
1116 
281 
471 
691• 

1,022 
1,428 
1,942 
2,530 
3,11<6 
3,872 
4,659 
5,528 
6,472 
7,46o 
8,476 
9, 53'• 

10,5110 
11,592 
12,672 
13,786 
14,954 

8 

0 3 lll 31 56 87 126 171 2211 
350 424 5o6 596 694 8oo 914 1,038 1,170 

1,462 1,622 1,792 1,974 2,169 2,377 2,599 2,837 3,091 
3,65'• 3,963 4,292 1•,639 5,oo6 5,391 5, 796 6,219 6,661 
7,601• 8,1011 8,624 9,155 9,728 10,313 10,921 11,553 12,209 

13,597 14,331 15,094 15,808 16,715 17,576 18,472 19,404 20,372 
22,417 23,496 24,613 25,'(69 26,965 28,201 29,'178 30,797 32,159 
35,015 36,511 31J,055 39,6118 41,291 '•2,905 44,732 46,534 48,392 
52,277 5'•,3o6 56,393 53,538 60,7'•1 63,002 65,322 67,702 70,142 
75,202 77,822 80,502 63,2112 86,043 00,906 91,831 9'1,818 97,868 

1011,160 107,h0l1 1101 716 11h,097 117,5119 121,07'• 124,674 128,351 132,106 
139,850 1113,839 147,906 152,051 156,274 160,575 164,~54 169,413 173,952 
183,270 188,050 192,914 197,663 202,899 208,023 213,235 218,536 223,927 
234,983 2110,61•9 246,1107 252,258 258,203 264,242 270,TI6 276,606 282,932 
295,876 302,495 309,232 316,027 322,940 329,951 337,061 3'•'~,271 351,581 
366,501 TI4,111 381,821 389,631 397,5112 4<>5,555 1113,670 421,887 ~30,207 

1•47,159 455,791 46'•,527 473,357 1102,312 491,363 500,520 509,784 519,156 
5 38' 225 5'17, 917 5 57,707 56'{, 597 577, 587 587,677 597,867 6oO, 157 618, 547 
639,627 650,310 661,111 672,007 683,007 6911,113 705,327 716,649 728,079 
751,263 763,017 774,879 786,8119 798,927 811,113 823,407 835,809 848,319 
873,663 386,'•98 899,443 912,1190 925,664 o~,942 952,332 965,834 979,1149 

1,007,021 1,020,978 1,035,050 1,0119,230 1,063,542 1,077,963 1,092,502 1,107,159 1,121,934 
1,151,842 

9 

233 
1,312 
3,363 
7,123 

12,890 
21,376 
33,565 
50,306 
72,642 

100,982 
135,939 
178,571 
229,'109 
289,355 
358,991 
'~38,631 
528,635 
62'),037 
739,617 
06o,937 
993,178 

1,136,823 

Dro.inage Area = 210 aq. m1., determined by adding the drainage area between originnl site and site at 
n.M. 42.3 to the drainage area at the original oite as determined by the ussc-T. Reservoir areas 
determined from A.r-t.s. map "SAN Mrrmuo, TEJU\5" 1 scale 1:250,000. 
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;:;lev. ( i't) 

1050 
106o 
1070 
1080 
1090 
11.00 
lll.O 
1120 
11.30 
11.40 
1150 
11.50 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
l.2SO 
1270 
1280 

Jaev. (rt) 

0 

15 
49 

101 
193 
303 
''38 
631 
904 

1,215 
1,614 
2,070 
2,732 
3,534 
4,533 
5,633 
7,145 
8,844 

10,/)()5 
12,1131 
14,310 
16,346 
18,660 
22,030 

0 

1 

113 
53 

100 
204 
315 
454 
655 
933 

1,252 
1,.557 
2,124 
2,808 
3,632 
4,645 
5,770 
7,310 
9,015 

10,785 
12,615 
14,505 
16,560 
18,930 

1 

2 

0 
21 
57 

117 
2111 
327 
470 
$0 
g64 

1,291 
1,700 
2,l.BO 
2,885 
3,730 
4,750 
5,910 
7,1175 
9,190 

10,965 
12,800 
14,700 
16, 78o 
19,210 

2 

TABLE 25 

m· !AR.T)S m:mmcnou:;u iG3!:nvom 
Dlli: .:·1 m::>Imvom 

fl,l{, 351.3 Guadalupe River 
Ai1."'.A A:!D r.APAcrrr r:uw~:s 

4 

Area - Acres 

1 
23 
61 

126 
224 
340 
1187 
706 
995 

1,330 
1, 743 
2,240 
2,953 
3,828 
4,855 
6,050 
7,645 
9,360 

11,145 
12,985 
14,895 
17,000 
19,490 

3 

3 
2S 
06 

135 
235 
353 
504 
733 

1,02.5 
1,370 
1,787 
2,302 
3,043 
3,925 
11,960 
6,195 
7,815 
9,535 

11,325 
13,170 
15,090 
17,216 
19,790 

5 

h 
29 
71 

144 
2h6 
357 
522 
7G1 

1,057 
1,410 
1,833 
2,367 
3,124 
4,020 
5,070 
6,350 
7,985 
9,710 

11,510 
13,355 
15,290 
17,460 
20,100 

5 

Capacity - Acre-feet 

I) 

32 
70 

153 
257 
3S1 
5'•2 
1n2 

1,onD 
1,450 
1,000 
2,436 
3,205 
4,1..."0 
5,175 
6,500 
8,155 
9,890 

11,695 
13,545 
15,495 
17,700 
20,420 

6 

7 

3 
3S 
02 

163 
2:1> 
395 
553 
01(3 

1,120 
1,490 
1,920 
2, 51J7 
3,286 
4,220 
5,285 
6,655 
8,325 

10,070 
11,880 
13,735 
15,705 
17,930 
20,760 

7 

10 
40 
OD 

173 
279 
'•09 
;:;IJ;:; 
0110 

1,151 
1,531 
1,976 
2,530 
3,350 
4,326 
5,400 
6,815 
8,500 

10,245 
12,060 
13,925 
15,915 
18,170 
21,130 

8 

9 

12 
4h 
9'• 

lS3 
291 
423 
SoB 
875 

1,183 
1,572 
2,023 
2,656 
3,1151 
4,430 
5,520 
6,975 
8,670 

10,425 
12,245 
14,115 
16,130 
18,410 
21,550 

9 

1050 0 0 2 6 11 18 27 38 
lOS<> 52 68 8:3 110 134 162 192 226 2611 3o6 
~ ~ ~ ~ m ~ ~ rn • ~ ~ 
loBo 1,076 1,180 1,292 1,414 1,544 1,684 1,832 1,990 2,158 2,33.$ 
1090 2,524 2,722 2,931 3,150 3,380 3,620 3,872 4,134 4,4o8 4,593 
1100 4,990 5,299 5,620 5,954 6,300 6,66o 7,034 7,422 7,824 8,24o 
lll.O 8,670 91 11.6 91 578 10,055 10,552 11,065 11,597 12,149 12,723 13,319 
1120 13,939 14,582 15,250 15,943 16,663 17,410 18,185 18,9139 19,821 20,G01 
1130 21,571 22,489 23,437 24,417 25,427 26,469 27,541 28,645 29,781 30,948 
1140 32,147 33,381 34,653 35,963 37,313 38,703 40,133 41,603 43,113 44,665 
1150 46,258 47,894 119,572 51,294 53,059 54,869 56,725 58,629 60,581 62,581 
1160 64,627 66,724 68,876 71,o86 73,357 75,691 78,093 80,565 83,109 85,727 
1170 88,421 91,191 94,037 95,961 99,964 103,048 100,212 109,458 112,785 11.6,195 
1180 119,687 123,270 126,951 130,730 134,606 138,578 142,648 146,818 151,091 155,469 
1190 159,953 164,545 159,2113 174,045 178,953 183,968 189,090 194,320 199,652 205,122 
1200 210,701 216,405 222,245 223,225 234,347 240,619 247,044 253,622 2So,357 267,252 
1210 274,312 281,540 288,932 295,492 304,222 312,122 320,192 320,432 336,844 345,429 
1220 354,186 363,116 372,218 381,493 390,941 400,563 410,363 420,343 430,501 440,836 
1230 451,351 462,046 472,921 483,976 495,211 506,629 518,231 530,017 541,987 554,139 
1240 566,477 579,000 591,708 604,600 617,678 630,940 644,390 658,030 671,86o 685,880 
1250 700,092 714,500 729,102 743,900 758,892 774,082 789,474 8o5,074 820,884 836,905 
l26o 853,1~1 869,597 886,267 903,157 920,265 937,603 955,183 972,998 991,048 1,009,338 
1270 1,027,873 1,046,668 1,065,738 1,085,o88 1,1~1,728 1,1211,673 1,144,933 1,165,523 1,186,468 1,207,808 
1280 1,229,598 

Draill08e Area. .. 1,124 sq, cd, 1 no determined by ussc-T oncl consultitlff Engineer for" Guadalupe-Blanco 
River Authority. Reservoir aren determined from t .. M.s. QUadrangle, Boerne, Texo.s , scale 1:62,500. 
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(" TABLE 26 

r:mrARDS mmr.RGROUJ;n ~:::mrorn 
CLOPl'm CROS:>n:G ru::nEIWOIR 

BIJIIICO IliVI!:R - 1·111e 32. 5 
JUIE.\ AllD CAI'ACI'lY CU~ 

Elev. 0 1 2 3 4 5 i'j 1 a 2 
AREA (ACRES 2 

820 0 10 12 15 17 20 22 
830 25 27 28 29 30 32 34 35 36 38 840 40 1~2 47 50 56 Go 66 70 76 82 
850 84 86 

1~ 99 104 112 121 121~ 131 134 
86o 145 158 180 195 209 224 21.0 250 258 
870 263 275 287 299 312 326 31•1 :<'i6 372 391 
88o 410 431 454 '•77 501 527 552 578 6o5 632 
890 659 687 715 71;4 773 803 833 864 sen 932 
900 910 1,013 1,057 1,102 1,147 1,194 1,242 1,290 1,340 1,391 
910 1,440 1,491 1,542 1,592 1,641; 1,697 1,752 1,807 1,862 1,915 
920 1,967 2,018 2,071 2,122 2,171; 2,225 2,275 2,325 2,376 2,1;28 
930 2,480 2,551~ 2,625 2,693 2,762 2,826 2,890 2,954 3,018 3,082 
940 3,1l!O 3,211 3,277 3,341 3,1103 3,l!65 3,524 3,583 3,642 3,70!1 
950 3,170 3,838 3,909 3,980 4,051 4,122 4,193 4,264 4,336 4,407 
96o 4,478 11,546 4,614 4,684 4,755 11,827 4,900 4,972 5,045 5,119 
910 5,196 5,272 5,350 5,1~30 5,510 5,589 5,672 5,757 5,839 5,924 
980 6,013 6,110 6,203 6,297 6,392 6,1Kl6 6,581 6,675 6,770 6,865 
990 6,96o A,o5I 7,152 7,248 7,343 7,439 7,536 ~,632 A,128 A'824 1000 7,920 ,01 8,112 8,208 8,304 8,400 8,496 ,592 ,688 ,784 

1010 8,88o 8,976 9,072 9,168 9,264 9,360 9,456 9,552 9,648 9, 7114 
1020 9,840 

E1ev. 0 1 2 ~ 4 2 b 7 2 
CIIPACrr'i (ACnE-FEET} 

820 0 2 17 36 56 78 101 
830 125 151 179 207 236 267 300 3311 370 l.o-, 
3ho 446 487 532 580 633 691 754 821 8911 973 
850 1,056 1,141 1,229 1,323 1,425 1,533 1,6119 1,771 1,399 2,01?. 
860 2, 1'71 2,323 2,483 2,665 2,8113 3,0115 3,263 3,11911 3,739 3~99b 
lJ70 1~,255 11,525 4,0o6 5,099 5,1104 5,723 6,056 6,405 6,769 7,151 
88o 7,551 7,c.J72 8,414 8,879 9,368 9,383 10,1122 10,987 11,578 12,197 
890 12,843 13,516 111,217 111,9116 15,701; 16,1193 17,310 18,159 19,039 19,9511 
900 20,905 21,896 22,931 24,011 25,136 26,306 27,524 28,790 30,105 31,1171 
910 32,886 31~,352 35,368 37,1135 39,053 40,723 h2,1148 4h,228 46,o62 47,951 
920 49,892 51,884 53,929 56,025 58,173 6o,372 62,623 64,922 67,-:!'{3 69,675 
930 72,129 74,646 77,235 79,8911 82,622 85,h16 80,274 91,196 94,182 97,232 
91.0 100,3116 103,525 106,768 110,077 113,1150 116,1383 120,373 123,932 127,544 131,217 
950 134,954 133,7513 1112,631 1h6,576 150,592 154,678 158,035 163,o64 167 ,36ll 1'(1, 736 
960 176,178 180,690 ll35,270 189,919 1911,639 199,1130 2011,293 209,229 214,237 219, 3:..'0 
gro 2211,477 229,711 235,022 240,412 245,8lJ2 251,431 257,062 262,776 268,575 2"(!1, 1;5·~ 
98o 280,424 286,1;86 292,643 298,892 305,237 311,676 318,209 324,837 331,560 3:13, 3Tf 
990 345,290 ~52,m 359,404 366,6o4 373,900 331,291 300,778 396,362 404,042 1;11,818 

1,000 1119,690 27,65 435,722 443,682 452,138 460,1~90 468,938 477,482 486,122 494,858 
1,010 503,690 512,618 521,642 530,762 539,978 549,290 558,698 568,202 577,802 587,498 
1,020 597,290 

D.A. :o 307 sq. mi., deter:nined !"rom A.H.S. maps "SAil Alfl'ONIO, TEX/.S" nnd "LLANO, TEXAS", sco.le 1:2501 000. 
Reservoir oren determined from Corps of Engineers, FWD, i"ield survey topography map. 
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". • • The runoff reductions were computed by reasonable 
methods from available datao However, as will be apparent 
from later exposition, available data are inadequate to 
permit an accurate estimate of either past or future effects 
of land use, land treatment, and minor reservoirs upon runoff. 
Consequently, the computed depletions should be viewed as a 
generous allowance for depletions which available data indi~ 
cates might happen or might have happened rather than as a 
precise determination of what will happen, or has happenedo 
Fu.ture evaluation procedures may indicate smaller depletions." 

Annex (c-8) indicates considerable coordination with the Soil Conser
vation Service, the Agricultural Stabilization and Conservation Serf
ice,. and the Texas Forest Service. The 1954 census of agriculture 
published by the Department of Agriculture was also used extensively 
as were data collected at the Agricultural Experiment Station at 
Riesel and Spur, Texas, and at Guthrie, Oklahoma. 

49. Although Annex (c-8) does not estimate future depleti.ons 
for the area in the upper Nueces River Basin, the procedures it pre
sents allow the estimation of such future depletions for the drainage 
area above Men tell, Concan, and Sabinal Reservoirs. Our interpreta-· 
tion of these procedures and their application results in the finding 
that only very small reductions in future runoff will take place, and 
that for all practical purposes, existing conditions data, historical 
data and future (2025) condi.tions data may be regarded as the same for 
these three reservoirs. Monthly and annual values of estimated 2025 
inflow for Mantell, Concan, Sabinal, Dam Noo 7, and Cloptin Crossing 
Reservoirs are given in tables 27 through 31. 

50. SEDIMENT CONTRIBUTING AREA o- All of the reservoir sites 
studied for this report are located in the Edwards Plateau area 
above the Balcones Fault zone o The following description of the area 
is quoted from Bulletin 5912: y 

"The Edwards Plateau is a high limestone plain in southwest 
Texas covering an area of about 22,000,000 acres. On the 
northwest it merges with slightly higher areas of the High 
Plains, and on the northeast joins the lower lying Rolling 
Plains in a series . of rock escarpments. On the east, it 
merges with the Grand Prairie with little change in elevation. 
On the southeast and south the plateau terminates in steep 
rock slopes of the Balcones Escarpment, descending to the 
level of the Blackland Prairies and Rio Grande Plaino Annual 

y "Inventory and use of Sedimentation Data in Texas, " prepared by 
the Soil Conservation Service, USDA, for the Texas Board of Water 
Engineers (now the Texas Water Commission) January 1959· 
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"rainfall decreases from 32 inches in the eastern section to 
16 inches in the western section. Elevation ranges :f'rom 
2,000 to 4,000 feet above mean sea level. Locally there 
are some nearly level divides and smooth valleys, but generally 
the area is made up of hilly, broken, and rough lands. Lime
stone sinks are a feature of the nearly level divides, and 
these areas are noncontributing so far as sediment is con
cerned. The Edwards Plateau is dominantly range land and is 
used almost exclusively for the raising of livestock. Some 
cultivation is found on the nearly level divides where deeper 
soils have developed in the eastern one-third of the area, but 
less than 5 percent of the total area is· in cultivationo" 

Over almost the entire area the surface consists of thin limestone 
based soil. In places it is open prairie but most of the surface is 
covered with a medium to thick growth of cedar, small oak, and mes
quite with a varying growth of prickly pear and a consistent range of 
grass and weedso ' 

51. SEDIMENT PRODUCTION RATES.- Annual sedimentation production 
rates are generally considered to be low in the Edwards Plateau area. 
Many of the streams are springfed and clear flowing except in times 
of flood when flood plain scour and streambank erosion occurs. Esti
mates based on Bulletin 5912 indicate that the average annual rate of 
sediment production in the Edwards Plateau area varies from o.o65 to 
0.038 acre-foot per square mile for drainage areas from 100 to 10,000 
square miles, respectively. Due to the paucity of general sedimenta~ 
tion data for this area and the lack of suspended samples during 
extremely high flash floods, the rates recommended in Bulletin 5912 
have been increased. The 100-year sediment volumes and the estimated 
distribution of the sediment in the reservoirs studied are shown in 
ta:ble 32o 

52. STORAGE REQUIREMENTS. 

a. General. 

(1) To determine the most effective and efficient means 
cf recharge to the underground reservoir several plans of operation 
were testedo Of the several investigated plans the itmnediate recharge 
of stored flood water was determined to be the most effective in areas 
of high natural recharge to the Edwards Reservoir. Under this plan, 
releases from the reservoirs were limited to the estimated recharge 
rates for the streams bel.ow the proposed dam sites. The estimated re
charge rates for the Nueces, Frio, and Sabinal Rivers are 1,000 second
feet, 750 second-feet, and 500 second-feet, respectively. It is noted 
that the recommended releases are considerably less than the minimum 
downstream channel. capacities shown in tabl.e 16. Under this plan, the 
surface reservoirs would be empty approximately 95 percent of the time; 
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TABLE 27 

BS'fD1A1'BD MmmiLY AID ARRUAL FLOWS Dl 1000 ACRE-Far AT MOifl'ELL DAM Sl'l'B - 2025 COIDITIOIS 

YEAR .TAlltJARf PBBRUARr MARCH APRIL MAY JUliE JULY A musT SBPI'DIB!R OCTOBER IOVD4BER DBCPMBER 'l'Ol'AL 

1924 8.4 6.3 7.2 7-8 5-1 4.1 2.2 0.9 0.7 0.8 1.0 1.4 45.9 
1925 1.8 2.2 2.3 1.8 )6.4 13.1 ~-5 2.1 2.3 14.1 8.9 5.2 ~-7 
1926 3-9 3.4 3.8 4.1 6.1 2.6 30.2 7-3 2.7 1.7 2.1 3-2 71.1 
1927 3·5 8.4 6.8 7.8 3.4 3·9 3.8 1.6 0.8 13.8 3·0 2.5 59·3 
1928 2.5 2.5 2.3 2.1 3-7 9-5 1.5 3·3 1.0 3.1 2.4 2.1 36.0 
1929 1.8 1.6 1.7 1.6 16.5 6.3 6.3 2.0 1.8 1.1 1.0 2.0 43.7 
1930 2.1 2.0 1.9 1.5 2.1 48.8 4.7 1.4 1.1 33-7 6.8 5.8 111.9 
1931 5·9 11.2 9·1 9-9 24.5 8.8 14.7 9·1 4.8 3.6 3·5 3-8 1()9.5 
1932 3·7 3.2 4.7 4.5 5.6 2.9 45.3 13.9 111.0 21.0 11.6 8.4 235.8 
1933 7·3 5.8 5·5 4.3 3·6 2.9 1.6 1.0 1.1 1.3 1.3 1.7 37.4 
1934 1.8 1.8 2.1 2.6 3-2 1.5 0.9 0.6 0.5 0.5 0.5 0.6 16.6 
1935 o.8 1.0 1.2 1.3 49.4 297-7 22.3 12.8 21.1 9-3 6.6 6.7 430.2 
1936 5-7 4.6 5.0 4.3 4.6 7.1 8.5 3-7 124.2 22.6 15-3 10.1 215.7 
1937 7-2 5.2 6.5 5·3 3·7 4.5 2.8 1.9 1.3 1.6 2.2 15.2 57.4 
1938 12.6 7.1 5.6 6.9 7.2 3·8 8.8 5.0 2.8 2.7 2-3 2.11 67.2 
1939 3-1 2.6 2.7 2.3 2.0 1.5 89-9 8.1 4.2 21.4 4.3 4.5 146.6 
1940 3·9 4.1 3-9 4.9 9.6 5-7 3-9 3-0 2.4 1.9 2.2 3-3 48.8 
1941 3-2 3·3 4.2 6.9 13.7 7.2 8.0 4.6 4.5 13.6 6.3 4.8 80.3 
1942 3·9 3-0 3-0 3-1 5.4 3.0 2.3 3·3 22.8 22.7 9-6 6.6 88.7 

H 1943 4.5 3-5 3-7 4.3 3·9 6.5 J.O 1-9 1.7 2.0 2.2 2.9 40.1 H 
I 1944 4.5 4.8 7.0 5-9 4.5 3-7 2.1 1.8 11.7 5.6 3-5 3.8 58.9 :g 

1945 7.8 5.2 5.0 5.0 3.1 1.8 1.3 1.1 0.8 4.7 3·3 3-0 42.1 
19'f6 3-1 2.9 2.6 2.3 4.0 7.4 3-2 1.3 1.5 22.3 6.5 4.5 61.6 
1947 7-5 7-3 6.5 4.9 7.0 8.5 7.8 3·6 2.2 1.8 1.7 2.1 60.9 
1948 2.3 2.5 2.6 2.3 2.2 2.7 14.3 1.9 1.2 1.4 1.5 1.6 36.5 
1949 1.9 59.6 18.3 9-7 11.0 7.0 4.5 26.0 10.7 8.3 6.8 5.8 169.6 
1950 5.4 4.7 4.3 3.4 4.2 5.0 3-8 2.8 2.6 2.7 2-3 2.6 43.8 
1951 2.3 2.0 2.5 2.7 2.1 1.7 :..2 0.9 0.6 0.5 0.6 0.8 17.9 
1952 1.0 1.1 1.4 4.4 6.2 2.4 1.2 0.8 0.6 0.4 0.4 0.5 20.4 
1953 o.8 1.1 1.6 1.7 1.0 0.7 0.5 0.4 6.4 2.8 2.1 1.7 20.8 
1954 1.5 1.3 1.2 2.0 10.1 20.5 9-5 2.9 1.5 1.6 1.3 1.3 54.7 
1955 1.5 1.5 1.8 1.4 1.2 1.0 3-4 1.9 146.8 9·9 5.8 3.6 179.8 
1956 2.8 2.3 2.2 1.7 1.5 1.0 0.8 0.5 0.5 0.6 0.3 0.3 14.5 
1957 0.3 0.3 0.4 4.4 9.8 15-7 3·1 1.8 1.8 6.5 6.6 6.5 57.8 
1958 6.7 9.6 16.2 8.2 8.8 6o.1 17.9 8.5 50-2 28.5 23.2 14.5 252.4 
1959 9.6 7.6 7.1 5.8 7-4 23-9 22.0 11.1 11.2 26.2 9-2 7.9 149.0 
1960 7.8 8.0 7.6 6.0 5.2 3-4 5-7 16.5 8.2 13.3 15.2 11.7 1~.6 

1961 10.8 11.8 9.8 7-3 5.6 10.7 18.8 12.8 7.8 11.3 9.6 7.4 123-7 
1962 6.,0 4.7 4.6 4.2 3-3 5·2 2.4 1.5 1.3 (33-2) 

Total 171.2 221.1 185.9 170.6 307-9 623.8 389.3 186.2 580.4 340.9 193-0 172.8 ~. 543-1 
Ave rase 4.4 5-7 4.8 4.4 7.9 16.0 10.0 4.8 14.9 9.0 5.0 4.5 91.4 



TABLE 28 

ESTIMA'l'ED MOimiLY AND AlmUAL FLOWS IN 1000 ACRE-Fm' AT CONCAJi DAM SITE - 2025 COIIDrriORS 

YEAR JARUARJ' FEBRUARY MARCH APRIL MAY JURE JULY AWUST SEPl'EMB!R OCTOBER JOVDmER DECEMBER TO!'AL 

1924 7-0 5-3 7.4 6.3 9-4 6.0 2-7 1-3 1.5 1-5 1.6 1.7 53-7 
1925 1.7 1.9 2.0 1.8 4.7 2.6 1.2 1.1 1.6 4.3 3-1 2.8 28.8 
1926 2.7 2-3 2.7 3-2 2.7 2.0 26.4 5-2 3-1 3-2 2.3 3-1 58-9 
1927 2.9 8.8 9.2 6.6 4.7 3-7 3-2 2.1 1.5 2.5 1.6 1.9 48.9 
1928 1-9 1.9 2.0 1.8 2.2 1.9 0.9 2.5 1.4 2.1 1.4 1.5 21.5 
1929 1.5 .L.1 1.2 .l..O 4.0 ?.7 3-9 l.l 1.3 1.2 1.0 2.1 22.1 
1930 2.2 2.1 1.9 1.6 2.2 32·7 4.9 1.5 1.2 30.2 5-7 5-0 91.2 
1931 6.5 10.6 9-6 12.5 25.1 8.9 25.8 8.7 4.5 7-6 4.1 4.4 128.3 
1932 4.6 5.1 7-5 5.6 7-5 4.4 168.0 12.1 65-9 21.5" 10.2 7-9 320-3 
1933 8.o 5.8 5-5 4.4 4.2 3-4 2-3 2.1 2.2 1.9 2.0 2.1 43-9 
1931!. 2.5 2.1 2.3 3-7 3·9 1.4 1.0 0.9 o.6 0.6 0.7 1.2 20.9 
1935 1.5 1.5 1.5 1.8 61.8 141.8 33·6 14.3 28.2 10.2 6.8 7.6 310.6 
1936 6.7 5-4 5.2 5·2 5·7 5·5 5·3 3-4 76.6 23·5 15-5 9.8 167.8 
1937 7.6 5·9 7.0 5·3 4.0 5.0 ).0 2.0 1.7 2.1 2.5 6.0 52-1 
1938 8.o 6.2 5·9 5-5 6.3 4.1 ).1 2.4 1.6 1.7 1.4 LA 48.2 
1939 2.5 2.3 2.3 1.8 1.4 1.1 22.2 5.4 2.4 ).8 2.9 2.7 5Q.8 
1940 2.5 2.8 2.7 4.j 6.7 5·3 6.4 2.8 2.1 1.8 2.4 .:i·9 43.7 
1941 3·5 4.1 5-2 14.5 20.0 8.6 5.8 9-2 11.2 13.0 9.2 6.7 111.0 , .. 1942 s.o 4.0 3.8 5-5 7-1 3.8 3·3 3·3 9.6 8.7 6.3 4.8 65.2 H 

I 1943 4.0 3-0 3-2 3-4 2.9 3·3 2.4 1.3 1.5 1.8 1.7 2.4 30-9 ..... 
0 1~ ).0 2.9 5.4 4.5 6.2 7.1 3·6 4.4 5.4 4.5 3-2 3-9 54.1 
·~ 

1945 8.1 6.4 6.1 6.8 5-7 3-1 2.0 1.2 0.9 3.6 2.7 3-1 49-7 
1946 2.7 2.6 2.4 2.2 3.0 2.1 1.7 0.8 1.6 16.6 6.1 4.1 45-9 
1947 6.3 5-4 5-0 5.0 5-9 9.4 6.4 3·3 2.2 1.9 2.1 2.6 55-5 
1948 2.4 2.4 2.4 1.9 1.7 1.8 1-7 0.8 0.8 1.1 1.2 1.4 19.6 
1949 1-7 26.8 10.6 7-9 6.8 4.9 3-1 ).0 3·2 3.6 ).1 3-2 77-9 
1950 3·3 3-1 3·3 2.8 2.9 2.5 1.7 1.4 1.3 1.4 1.1 1.5 26.3 
1951 1.2 1.4 2.2 2.2 1·3 2.5 0.8 0.4 2.2 7.0 0.9 1.2 29-3 
1952 1.2 1.1 1.4 1.8 2.~ 1.6 0.7 0.2 0.1 0.1 0.4 1.2 12.3 
1953 1-7 1.3 1.2 0.9 o. 0.1 0.1 0.2 o.8 1.2 1.2 1.2 10.3 
1954 1.0 0.8 0.7 0.6 10.3 3-4 2.6 1.1 0.5 0.3 0.4 0.5 22.2 
1955 0.8 0.9 1.0 0.6 2.5 0.8 ?..2 0.8 1.9 1.1 0.9 0.9 14.4 
1956 0.8 0.7 0.7 0.5 0.3 0.1 0.1 o.o o.o o.o o.o 0.0 3-2 
1957 0.1 0.4 1.6 10.2 5.4 8.1 1.9 0.7 1.3 6.5 5-9 4.9 47.0 
1958 5-5 8.3 12.5 6.4 5-5 30.2 12.4 8.2 44.0 23-9 22.5 11.7 191.1 
1959 1·9 5-5 5-0 4.9 5.2 22.2 14.1 7.4 5·6 15.0 7.7 6.3 1o6.8 
1960 6.2 5.8 5-7 4.9 4.2 2.8 5-4 12.6 7.0 7.6 10.1 11.7 84.0 
1961 10.1 12.6 10.7 7.4 5.4 12.6 10.7 8.7 5.6 6.2 5-3 4.7 100.0 
1962 4.2 3·3 3-1 3·3 3·1 5.0 1.7 0.8 0.8 (25.3) 

Total 151.0 173·9 169.1 172.6 270.8 368.5 398-3 138-7 305.1 244.8 157.4 143-5 2,693-7 
Average 3·9 4.5 4.3 4.4 6.9 9·5 10.2 3-6 7.8 6.4 4.2 ).8 69-5 



TA:SLE 29 

ESTn!ATED MONTHLY AND AI\TNUI\L F'LO'v1S lll 1000 ACRE-FEET AT SABINAL DArt. SITE - 2025 CO!IDITIO!!S 

YEAR JMIUARY FEBRUARY I· !ARCH APRIL !.fAY JUNE JULY AUGUST SEPTE!t.BER OCTOBER iiOVEr.!BER DECEMBER TOTAL 

1934 o.8 o.7 0·7 1.1 1.2 o.4 0·3 0.3 0.2 0.2 0.2 o.4 6.5 
1935 1.1 1.2 1.1 Lit lt6.8 107.3 25.4 10.8 21.3 7.7 5.1 5.8 235.0 
1936 4.7 3.8 3·7 3·7 4.0 3.8 3.8 2.3 54.3 16.6 11.0 7.0 118.7 
1937 3.6 2.8 3·3 2.5 1.9 2.4 1.4 1.0 0.8 1.0 1.2 2.8 211.7 
1938 3.6 2.8 2.7 2.5 2.9 1.9 1.4 1.1 0.8 o.a 0.7 o.8 22.0 
1939 1.2 1.1 1.1 0.9 0.7 0.5 10.5 2.6 1.1 1.8 1.4 1 ? 24.2 ·.J 

194o 1.1 1.2 1.2 1.8 2.8 2.3 2.7 1.2 0.9 0.7 1.0 1.7 18.6 
1941 2.3 2.6 3.4 9-5 13.0 5·6 3·8 5·9 7·3 8.4 6.0 !;. 3 72.1 
19h2 2.7 2.3 2.1 3.0 3·9 2.2 1.8 1.8 ).2 5.1 2.5 1.8 ~l:. !; 

1943 1.3 0.9 1.0 1.8 0,9 2.2 1.7 0.11 0.2 0.2 0.2 0.3 11.1 
19111; o.8 1.3 4,1, 2.8 2.8 3-8 1.7 2.5 1 '> 1.0 o.8 1.6 24.8 •.J 

19h5 6.1 3-6 5·2 6.3 3.h 1.7 o.8 0.3 o.6 1.0 o.7 1.0 30.7 
1946 0.7 0.7 o.6 1.0 1.2 0.7 0.3 o.o 1.9 4.9 2.8 1.7 16.5 

H 1947 2.2 2.0 1.8 1.7 1.9 4.0 1.6 0·7 0·3 0·1 0.1 o.2 16.6 H 

~ 191J8 0.3 O.lt O,l, 0.2 0.0 0.3 0.1 o.o 0.3 0·3 o.o o.1 2.1~ 
0 19119 0.3 5.4 3.8 5·5 1:,9 2.9 1.5 Lit l. 3. 1.8 1.3 1.1 ~l. 2 w 

1950 1.3 1.5 1.6 1.2 1.2 1.8 0·9 o.2 Q.1 0.0 o.o o.1 9.') 
1951 o.1 o.1 o.2 0.3 5·0 1.3 0.2 o.o 0.0 o.o o.o o.o 7.2 
1952 o.o o.o o.o 0·3 1.5 1.2 o.2 o.o o.o o.o o.o o.o 3·2 
1953 0.1 0.2 o.1 o.o o.o o.o 0.0 o.o o. 3 1.2 o.6 0.5 3.0 
195'• 0.2 0.1 o.o o.o 5·7 1.0 0.6 0.1 o.o o.o o.o o.o 7·7 
1955 o.o 0.0 o.o o.o 0.3 o.o 0.2 o.o o.o o.o o.o o.o 0.5 
1956 o.o o.o o.o o.o o.o o.o 1.1 o.o o.o o.o o.o o.o 1.1 
1957 o.o o.o L'• 6.1 2.6 5.6 0·.5 o.o 5·2 4.0 11.1 j.7 33.2 
1958 5·9 8.8 15.7 5.0 5·7 42.6 9·5 3·7 15.3 18.4 19.1 8.0 158.7 
1959 4.5 2.8 2.2 2.6 2.0 13.1 9-2 3.8 2.2 7.6 ''·9 l;.O 58.9 
1960 4.1 j.6 :;s.o 2.5 2.7 1.0 5·9 11.8 3-7 5.h 5.6 6.4 55.7 
1961 5.8 9·9 7·5 11.0 2.7 9·1 5·" j.6 1.6 2.2 1.2 1.2 '54.8 
1962 1.0 0.7 0.5 0.7 0.5 0.4 o.o o.o o.o ( j.8) 

Total 55·8 60" •./ 68.7 69.4 122.2 219·7 92·5 55·5 126.2 90.4 70.5 55.8 1o8"(.2 
Average 1.9 2.1 2.1, 2.1: 4.2 7.6 3.2 1.9 I;. 3 3.2 2.5 2.0 37.7 



TABLE :::,o 

ES'l'IMADD MOlll'BLY Aim .ARIIUAL PLOWS IJr 1000 ACRE-FEET AT DAM 110. 1 SITE - 2025 COHDITIORS 

YEAR JAWARY FEBRUARY MARCH APRIL MAY JUliE JULY AUGUS'f SEPl'EMBER OCTOBER JKM!MBER DBCDIBER TOrAL 

1924 21.8 22.0 33·5 28.6 41.7 24.4 8.7 4.2 5·9 4.1 4.4 5.0 2oJ..) 
1925 4.6 3·1 3·5 3.0 3·1 1.6 1.1 1.5 2.2 15.2 9·4 4.2 53·7 
1926 4.6 3.4 7-6 )8.4 20.3 8.2 u.s 4.5 2.7 3·5 5-5 6.8 117.3 
1927 4.8 14.0 21.6 18.0 10.0 20.3 5.4 2.4 2.5 5-5 2.9 3-5 110.9 
1928 3·1 4.4 7.2 3·0 3·6 6.0 1.4 1.0 1.5 2.0 1.8 2.2 37.8 
1929 2.3 2.2 3.0 4.2 61.1 12.0 22.9 2.7 2.1 1.7 2.4 ).6 120.2 
1930 ).0 3.0 2.9 2.3 21.3 20.1 3.6 1.1 0.9 45.0 8.6 7.8 U9.6 
1931 15.6 26.2 24.6 35·5 48.0 13-9 13.4 6.7 3·3 ).0 4.2 5-3 199-7 
1932 8.3 8.o 18.2 12.0 13o5 5·3 197.6 10.8 32.2 13-7 9-0 10.8 339-4 
1933 18.1 10.9 11.9 9-2 12.0 6.0 3·4 2.6 2.7 2.5 2.7 3-2 85.2 
1934 5-9 4.1 6.3 U.3 5·0 1.8 4.0 1.1 1.2 1.0 1.5 2.1 45.3 
1935 2.1 4.1 2.7 2.9 49.8 2o6.5 22.7 8.7 50.8 18.o 12.3 18.7 399-3 
1936 13·9 10.0 10.6 1·1 37·9 48.8 64.7 u.s 209.4 60.4 )4.2 28.3 537·"' 
1937 23-7 17.7 20.9 14.5 9·5 )1.4 7-5 3·1 3·9 4.8 4.5 u.s 153·9 
1938 25·3 14.7 u.~ 20.5 19.2 8.3 4.7 2.1- 3·0 2.5 2.7 2.9 118.5 
1939 5.2 ).4 3· ).2 3.8 1.1 1-1 2.8 1.1 11.7 ).2 ).4 50.0 
1940 3·5 4.7 1·1 18.6 13-7 16.5 9.0 4.3 2.5 ).6 10.8 33-4 128.3 
1941 12.2 6o.8 54.8 17.0 96.2 29.8 20.0 9-5 13.8 21.8 11.2 9-1 416.8 
1942 7.8 6.6 6.4 32-6 43.3 U.9 7.4 5.4 19.0 25.0 14.2 12.0 191.6 

H 1943 10.6 7.6 8.2 9-2 6.4 14.6 7.2 2.4 4.4 3·1 3-2 4.6 82.1 
H 

1944 7.8 12.0 26.4 15.0 87.8 )2.6 10.0 15.0 16.0 13.6 9.0 25.4 270.6 I 
1-' 
0 1945 38.8 )6.4 50.6 37.2 16.0 9.6 8.0 5.0 12.6 17.4 8.o 20.2 259.8 
'-~ 

1946 12.4 14.6 16.2 12.4 25.6 u.s 4.6 2.8 u.s 20.4 )8.4 23.4 194.4 
1947 50.4 28.6 22.6 21.0 18.0 22.4 8.8 4.8 3-0 2.9 3.8 ... 8 191.1 
1948 4.4 4.6 4.6 4.4 3-8 8.2 4.6 1.8 1.9 3-0 2.2 2.6 !t6.1 
1~ 3.6 17.6 ll.2 20.2 15.4 8.6 4.0 6.6 5.6 4.0 3.6 4.2 104.6 
1950 4.4 5-0 4.2 5.6 9·5 5-2 4.2 1.6 2.1 1.7 1.7 2.4 47.6. 
1951 2.4 2.4 3-8 3·2 9-4 5.8 0.6 0.1 0.1 0.4 1.0 1.8 31.0 
1952 1.7 1.5 2.1 5.6 17.4 7.8 1.8 0.4 107.2 4.0 4.0 9.8 163.3 
1953 8.6 5-0 5-7 4.2 2.4 0.5 0.8 o.a 12.6 4.4 3-1 3-2 51.3 
1954 3·0 2.2 1.9 1.2 6.0 o.6 o.o o.o 0.0 1.4 1.0 1.0 18.3 
1955 2.0 3.6 1.5 0.8 7.2 1.9 7.2 1.9 0.8 0.1 0.1 1.1 29.4 
1956 1.2 1.4 0.8 0.4 1.0 o.o o.o 0.3 0.4 0.4 0.6 0.3 6.8 
1957 0.6 1.6 14.0 76.4 39·5 )1.8 3·5 1.4 14.2 74.2 )8.4 25.8 321.4 
1958 4o.4 53·0 57-4 26.8 9Q.6 35-0 14.2 6.2 34.8 20.0 25.2 16.2 419.8 
1959 12.0 10.8 9.4 15.6 u.4 )1.4 12.9 6.3 4.2 73-0 10.4 11.2 2o8.6 
1960 14.0 16.8 14.6 12.7 a.o 4.2 7.2 41.2 9.4 68.6 29.2 41.8 267.7 
1961 36.0 69.5 37.4 20.9 13.1 23·5 13-7 8.0 6.0 5.4 6.2 5·9 245.6 
1962 5·4 4.9 4.9 6.0 4.9 7.6 1.8 0.6 2.4 (38.5) 

Total 41+6.1 523-0 556.2 641.3 907.0 737.0 532.1 194.4 610.3 564.2 335-2 380.4 6,427.2 
Ave rase U.4 13.4 14.3 16 ... 23-3 18.9 13.6 5·0 15.6 14.5 8.6 9.8 164.8 



TABLE ~1 

ES'l'IMATED MOIU.'BLY ARD ADUAL FLOWS IB 1000 ACRE-FEF:l' AT CLOPriB CROOSilll DAM Sl'l'B - 2025 COIDI'l'IOBS 

YEAR JAliUAR!' PBBRUARr MARCH APRIL MAY JULY AOOUS'l' SEPl'DIBER OOl'OBER IOVEMBER Dl!X:DmER TCTrAL 

1928 0.6 0.7 0.3 o.4 0.5 o.8 (3-3) 
1929 1.2 o.6 0.7 4.9 77.0 15.8 15.4 2.8 1.7 1.0 1.·~ 1.3 123.8 
1930 1.0 0.9 0.9 0.8 14.0 5-3 2.3 0.9 0.7 4.0 1.~~ 3-5 36.2 
1931 8.2 18.9 18.6 17-3 16.1 5.2 10.5 2.6 1.6 1.3 1 ., 1.5 10).0 .... 
1932 3·3 3·3 8.0 3·3 2.5 1.6 1.6 1.7 1.5 1.0 o.9 0-9 29.6 
1933 1.4 1.3 1.7 1.5 1.5 0.9 0.9 1.3 0.9 0.7 0.5 0.6 13-2 
1934 2.6 2.8 6.7 13.2 3.4 1.4 1.1 o.8 o.b. o.6 1.7 0.9 35.6 
1935 o.8 1.8 o.8 0.7 21.7 36.6 5.4 2.1 6.2 3-1 2.1 2.8 84.1 
1936 2.4 1.6 2.0 1.5 10.8 16.0 )0.5 4.9 23.0 7-3 5.6 5.2 110.8 
1937 7.6 6.6 12.1 6.6 ).0 4.2 2.8 1.2 1.4 4.7 1.1 5-2 56.5 
1938 17.8 11.5 7-2 21!..4 19-3 6.9 3-7 1.7 1.2 1.1 o.8 1.1 96-7 
1939 1.2 0.9 0.8 1.8 0.7 0.5 1.5 0.5 0.4 0.7 0.6 0.6 10.2 
1940 0-5 0.7 1.2 2.9 0.8 3-5 2.4 0.9 0.8 O.J 6.3 20.9 41.2 
1941 6.7 24.6 29.4 28.7 39-0 )0.6 9-3 3-0 2.1 5-3 2.3 1.8 182.8 
19'12 1-5 1.4 1.5 10.6 3-9 2.2 1.4 ).2 18.9 13.2 8.1 5.5 71.4 
1943 4.2 2.9 3·5 4.6 2.9 2.2 3-2 1.2 2.3 1.2 1.0 0.9 )0.1 
1944 4.5 11-9 18.4 10.0 16.5 11.4 4.4 7-3 9-0 2.4 2.5 13.2 111.5 
1945 17.4 18.9 25.6 14.1 6.5 4.8 ).2 1.7 1.7 2.7 1.7 5-1 10).4 

H 1946 5.2 9.2 13-9 7.1 6.3 4.3 2.4 1.7 2-9 4.0 25-5 17.1 99.6 1-f 
I 1947 20.4 11.2 1·9 "i,T 4.2 2.8 1.7 1.4 1.1 1.1 1.1 1.1 59.7 ..... 
0 1948 0.9 0.9 0.8 0.8 3-1 1.1 1.0 0.5 0.5 1.5 o.6 o.6 12.3 . ' 

1949 o.8 2.1 2.5 14.4 9-1 2.8 1.6 1.1 0-7 0.8 0.7 o.8 37-4 
1950 0.7 1.3 0.9 2.1 3-1 2.0 1.2 0.8 0.7 o.6 0.5 0.5 14.4 
1951 0.5 0.5 0.7 0.7 0.9 2.5 o.4 0.3 o.6 0.3 o.4 0.4 8.2 
1952 o.~ 0.4 0.5 2.1 5-3 4.0 1.3 0.6 71.6 3-2 2.4 4.1 95-9 
1953 6.4 3-3 3.1 1!..4 2.7 1.3 1.0 ).0 10.8 ).2 3-2 3-8 46.2 
1954 2-3 1.7 1.4 1.1 0.8 0.5 o.4 0.4 0.3 0.5 o.4 0.5 10.3 
1955 0.6 0.7 0.5 0.4 4.6 0.8 0.5 0.5 o.4 0.3 0.3 o.4 10.0 
1956 0.3 0.4 0.) 0.2 0.6 0.2 0.1 0.1 0.4 1.7 1.4 1.3 7.0 
1957 0.5 1.2 ~-9 48.8 17.7 18.9 3-1 1-5 12.2 25.1 20.3 13-3 172-5 
1958 12.2 23.4 2 .2 12.0 5-6 15.8 5.4 2.8 8.1 8.2 11.9 5-7 135-3 
1959 4.2 5-7 5·5 10.8 6.1 5-7 3-2 3-1 2.1 19-3 3-8 5.1 74.6 
196<> 8.4 10.8 8.1 7.2 5.0 3-3 4.8 5-0 2.7 4o.o 16.3 23-5 135.1 
1961 20.3 44.8 16.9 7-3 4.5 20.2 8.2 4.6 3-7 3-3 3·0 2-9 139-7 
1962 2.5 2.0 2.1 2.2 2.1 8.2 2.4 1.3 2.0 (24.A) 

Total 168.9 230.2 238.3 274.2 321-3 243.5 138.9 67.2 194-9 164.1 132.0 152-9 2,)26.4 
AveJ'88e 5-0 6.8 7.0 7.1 9.4 7-2 4.0 1.9 5-6 4.8 3-9 4.5 67.2 



TABLE 32 

SEDIMENT STORAGE - EDWARDS UNDERGROUND RESERVOIR AREA 

Contributing drainase Sediment storage 
Reservoir area (sqo mio) (acre-feet) 

Montell 707 12,000 (l) 

Concan 391 7,8oo 

Sabinal 210 4,200 

Dam No. 7 1,124 17,500 

Canyon w/Dam. No. 7 301 10,300 (2) 

Cloptin Crossing 307 9,200 (3) 

(1) 1,200 acre-feet would be deposited in the conservation pool 
and 10,8oo acre-feet in the dual purpose pool. 

(2) 8,800 acre-feet would be deposited in the conservation pool 
and 1,500 acre-feet in the flood control pool. 

{ 3) 8, 500 acre -feet would be deposited in the conservation pool 
and 700 acre-feet in the flood control pool. 

(" II-1~ 



therefore, the storage required for recharge can also be used as flood
control storage. In this appendix the joint storage space reserved for 
recharge and flood-control purposes is referred to as dual-purpose 
storage .. 

(2) Those watersheds having little or no natural re
charge capacity were investiga. ted for potential surface water supply 
and flood-control reservoirs. Releases from the flood-control storage 
were limited to minimum downstream channel capacities as shown in 
table 16. 

(3) The areas that are protected below the recommended 
reservoirs are predominantly agricultural. It is considered desirable 
to provide at least 50-year protection for these areas if the storage 
can be justified economically. The storage requirements for each 
recommended reservoir are discussed under the appropriate heading in 
the following paragraphs .. 

b. Dual-Purpose Storage. 

(1) Montell Reservoir. 

(a) A continuous daily routing was made for Mon
tell Reservoir for the period 1924 through 1962, w1 th releases being 
made at the estimated recharge rate of 1,000 second-feet. The results 
of this routing are shown graphically on plates 14 and 15. It was 
determined from this routing that the June 1935 flood required 259,200 
acre-feet or 6.87 inches of storage, more than any other flood during 
the period of record, although the September 1955 flood produced the 
greatest peak discharge since at least 1854 according to historical 
data. The storages utilized for individual floods during the period 
of record routing were the basis for a storage-frequency analysis 
made in accordance with the method set forth in Section VI of 
"Statistical Methods in Hydrology" by Leo R. Beard, dated January 
1962 and recommended for use in ER lll0-2-1450. From this analysis 
it was determined that the June 1935 flood had a frequency of re
currence of less than once in 50 years.. The dual-purpose storage, 
having an average frequency of recurrence of once in 50 years, is 
235,300 acre-feet, or 6.24 inches. An additional 4,000 acre-feet 
of storage is recommended so that releases may be withheld for up 
to two days or reduced for a somewhat longer period, depending upon 
the local runoff downstream from the damsi te. This period of with
holding or reducing releases will allow a greater percentage of the 
local runoff to infiltrate into the aquifer. A total storage of 
239,300 acre-feet, or 6.35 inches, is, therefore, recommended for 
inclusion in the Montell Reservoir. It is noted that the flood of 
June 1935, when routed through the recommended reservoir, produces 
a maximum spill slightly less than the minimum downstream channel 
capacity. 
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{b) The possibility that a major flood could occur 
prior to the emptying of some antecedent flood volume was also con
sidered. Examination of the period of record routing shows that the 
major floods generally occur in June and September, with a normal lag 
of 60-90 days between major floods. A conservative lag of 30 days be
tween the end of the first flood period and the beginning of the 
second was, however, selected in constructing a flood series composed 
of the hypothetical 25-year flood followed by the hypothetical 50-year 
flood. It is noted that this results in a lag of about 40 days between 
peaks. The routing of this flood series indicated that 248,900 acre
feet or 6 .. 60 inches of storage would be required for its complete con
trol. However, the recommended storage would control the flood series 
to non-damaging release rates, with the maximum outflow approxima. tely 
4,800 second-feet. Results of this routing are shown grapnically on 
plate 16 .. 

(2) Concan Reservoir. 

(a) A continuous dail~ routing was made for Concan 
Reservoir for the period 1924 through 1962, with releases being made at 
the estimated recharge rate of 750 second-feet. Results of this routing 
are shown graphically on plates 17 and 18. It was determined from this 
routing that the July 1932 flood, largest flood of record, required 
137,600 acre-feet or 6.60 inches of storage. The July 1932 flood was 
not only the largest flood in volume but it produced the highest stage 
at the Concan gage since at least 1869 according to historical data .. 
The storages utilized for individual floods during the period of record 
routing were the basis for a storage-frequency analysis made in accord
ance with. the method set forth in Section VI "Statistical Methods In 
Hydrology" by Leo R. Beard, dated January 1962, and recommended for 
use in EM lll0-2-1405. From this analysis it was determined that the 
storage required for the July 1932 flood was in close agreement with 
the recommended dual-purpose storage. The dual-purpose storage having 
an average frequency of recurrence of once in 50 years is 138,200 
acre-feet or 6.63 inches. An additional 31000 acre-feet of storage 
is recommended so that releases may be withheid for up to two days 
or reduced for a somewhat longer period. This period of withholding 
or reducing releases will allow a greater percentage of runoff from 
the uncontrolled area downstream to infiltrate into the aquifer. A 
total storage of 141,200 acre-feet or 6.77 inches has, therefore, been 
adopted for inclusion in the recommended Concan Reservoir. 

(b) The possibility of a major flood occurring prior 
to the emptying of an antecedent flood was checked in a manner simi-
lar to that discussed in paragraph (b) for Montell Reservoir. The normal 
lag time between major floods was found to be from 60 to 90 days. A 
conservative lag of 30 days between the end of the first flood period 
and the beginning of the second was, however, selected in construc-
ting a flood series composed of the hypothetical 25-year flood 

\ 
\ 
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followed by the hypothetical 50-year flood. It is noted that this re
sults in a lag of about 40 days between peaks. The routing of this 
flood series indicated that 139,600 acre-feet of storage was requ:ired 
which is 1,600 acre-feet less than the recommended size. Results of 
this routing are shown graphically on plate 19. 

( 3) Sabinal Res·ervoir.- The length of stream f!llge 
record in the vicinity of the Sabinal Reservoir is less than half t:hat 
available for ana:cysis for the Mantell and Concan Reservoirs and was 
not considered adequate for the establishment of storage reqUirements. 
A regional storage relationship was determined in the following manner: 
Continuous daily operations were made at the Mantell and Concan Dam 
sites for each of four different release rates. The storages utilized 
for the individual floods during the entire period of record for each 
of the four release rates were the basis for storage-frequency analyses 
as recommended in EM lll0·-2-1405. A correlation was developed relating 
the 50-year s~orage from these analyses and the coresponding release 
rates. Examination of these correlation curves for Concan and Mantell 
Reservoirs indicated that for any given release rate, a direct drainage 
area relationship existed between the required 50-year storages at the 
two projects. This relationship apparently exists because the areas 
are adjacent, with similar topography, soils, land use and climatic 
conditions. Pending the collection of additional runoff data, it has 
been assumed for this report that a similar relationship exists be
tween the Concan and Sabinal Dam sites since they, too, are located 
on adjacent watersheds. This is the basis for the selection of the 
recommended dual-purpose storage for Sabinal Reservoir. This storage, 
having an average frequency of 50 years, is 87, 100 acre -feet, or 7. 78 
inches. An additional 2,000 acre-feet of storage is recommended so 
that releases may be withheld for up to two days or reduced for a 
somewhat longer period. The period of withholding, or of reduced 
releases, will allow a greater percentage of the local runoff to in
filtrate into the aquifer. A total storage of 89,100 acre~feet (7 .96 
inches) is, therefore, recommended for inclusion in the Sabinal 
Reservoir. 

( 4) Because of the short record available, hypotheti
cal 25-, 50-, and 100-year floods were not developed for the Sabinal 
Reservoir for test routing purposes. However, the location of the dam 
axis Within the recharge zone of the Sabinal River will tend to assure 
the adequacy of the storage by producing a higher rate of recharge 
than the 500 second-feet estimated for the streambed below the dam 
site. It is anticipated that some water will infiltrate into the 
Edwards Reservoir directly from the bottom and sides of the reservoir. 
The Medina Reservoir on the Medina River is located on the fault zone 
and loses a considerable quantity of water to the Edwards Reservoir . 
in this way. It should be noted that though the Medina Reservoir has 
been constructed since 1913, sedimentation has produced no apparent 
effect on its recharge capacity. 
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(5) There exists no means of estimating the magnitude of 
the recharge which will occur directly from the pool; therefore, all 
analyses of modified recharge were based on that which it is estimated 
will take place downstream from the projecta 

c. Flood Control Storage-. :.:loptin Crossing Reservoiro. 

(1) Routings of the major floods of record were made for 
Cloptin Crossing Reservoir to determine the flood-control storage re
quirements. These routings assumed a full conservation pool at the 
project and releases were made to control the non-damaging discharges 
at selected downstream control points. In addition, hypothetical flood 
hydrographs for varying frequencies, developed as discussed in para
graph 39, were routed through the reservoir on a full conservation pool. 
The floods were routed in accordance w1 th the adopted regulating cri
teria, assuming the coincident occurrence of floods of approximately 
equivalent frequency on the uncontrolled area downstream from the pro
ject. Data obtained from the routings of hypothetical floods were used 
to establish a relationship between flood-frequency and flood-control 
storage requirements for Cloptin Crossing Reservoir. 

(2) The May 1929 flood when routed through the Cloptin 
Crossing Reservoir in accordance with the procedure presented in the 
above paragraph utilized 76,200 acre-feet or 4a65 inches of flood-control 
storage. Historical data for the Wimberley I!Jlge on the Blanco River 
show the flood of May 1929 to be the maximum since 1869. However, 
historical data for the San Marcos gage on the San Marcos River indi
cate that the maximum stage at San Marcos, since at least 1913, occurred 
in September 1921 and was produced by backwater from the Blanco Rivere 
Also, according to historical data, the flood of May 1929 was exceeded 
by the flood of 1869 or 1870 on the San Marcos River at Luling and by 
the flood of December 1913 on the San Marcos River at Ottine, with a 
large flood also occurring at the latter location in 1~9 or 1870. 
From the above data covering a period of about 100 years, it is con
cluded that at least three historical floods in the San Marcos River 
watershed have approached or exceeded the flood of May 1929. It is 
also evident from an examination of the isobyetal patterns of the May 
1929 and September 1952 storms on plates 6 and ll, that a transposition 
of either storm pattern involving a displacement of only 15 miles in 
the storm center would produce heavier rainfall and resulting runoff 
on the area above Cloptin Crossing Reservoir. 

( 3) The storage required to control the hypothetical 
50-year flood, "Those derivation was discussed in paragraph '39, was 
lo6,~ acre-feet or 6.50 inches. Also, it was concluded that the 
flood-control storage of 4.65 inches utilized in routing the flood of 
May 1929 (maximum of record) is equivalent to that required for the 
control of a hypothetical flood of only 25-year frequency. It is 
further concluded from the historical data and representative storm 
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patterns previously discussed that the maximUm flood of record is not 
t~ representative of the flood potential of. the w.terfjhed. An 
amLl.ysir; ·Of the rela.tiQnship between cost and' benefit.:for· projects 
containing flood-control stomge of va.ry:l.n.g frequencies led to adop
tion of a project containing. ll91 900. acre-feet, or 7 ~30 inches of 
flood control storage, having an average frequency. of recurrence of. 
once in 75 years • · · 

d. ·_Conservation Storage• 

.-(1) General.-. At _the present time the municipal and 
turaJ.:.:.: water dem'and of the area is being met by ground water, but 
projected future demands indicate a need for supplementing the present 
supply. One of the purposes of this study is to determine the benefits 
associated with the provision of surface storage on streams Within the 
Edwards Underground area. The reservoirs recommended in connection 
With this stuay;, the maximum or recommended conservation storage and 
its associated dependabl.e yield under 2025 conditions of watershed. 
development, .are· shOWn in te.bl~. 17. . 

( 2) . Mont~ll Reservoir.- The Mantell· Reservoir. is the 
only rese-rvoir in the recommended :plan to have both dual-purpose and 
conservation storage.. The reservoir. is· primarily a recharge project; 
however, 11 000 acre-feet of conservation .StOrage space has been pro- . 
v:l.ded in Mantell Reservoir in lieu of construction of· Tom Nunn Hill 
Reservoir. The conservation_ storage in Montell.Reservoir has a depend
able yield of 41 300 acre-feet per year (6··second-feet). This was the 
only point .that wa~ developed, .conse.que~tly, .no ·stora~-yield curve 
is. presented far this projec~. ~ of the conseJ"Vation storage in . 
Montell Reservoir are discussed in more' detail' in t8ragraph 80. · 

(3) Dam No. 7 Reservoir.- Economic evaluations indicated 
that additional flood-control: storage for. the Guadalupe River Basin 
could not be economicalJ..y provided in Dam No. 7 Reservoir; however, 
because of the need for full _develol;ment of the area 1 s resources 1 the 
reservoir is recommmended for construction by local interests. Dam 
No. 7 Reservoir is designed to operate in conjunction w1 th Canyon 
Reservoir to develop to.the :tUllest extent feasible the total re-

. sources upstream from Canyon Damo The provision of 640,500 acre -feet 
of conservation storage .in Dam Nco 7 Reservoi~ would produce a de- .. 
pendable yield for the Canyon-Dam No. 7, system of 1421 700 acre-feet 
per year (197 second-feet). This is an increase of 46,4oo acre-feet 

. per Year (64 second.:.feet) ove:r the yield determined for the Canyon 
Reservoir without upstream .development. A curve relating the con
servation storage and-dependable yield for Dam No. 7 Reservoir is 
shown on plate 20. This curve was developed from m.onth]Jr water 
supply routings based on the runoff in table 30 ·and evaporation data 
developed tram that presented in table 12~ 
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. ··(4) Cloptin Crossing.- A. multiple-purpose reservoir for 
flood-control, water conservation, recreation,· and· fish•: and: wildlife is·. 
recommended for Federal construction on the Blanco River.at the Cloptin 
Crossing site. The recommended :conservation storage of 274,.9()0· acre-· 
feet would fUJ.J.y develop 'the resources of ·the Blanco River ~:watershed. 
upstream from-the damsite·based·on refilling the consexvation sto~se 
after the critical. period. The above storase ·would provide a depend
able yield of 421 700 acre-feet per year'(59 second-feet) from Cloptin 
Crossing Reservoir.. A curve relating the conservation· storage and· 
dependable yield for Cloptin ·Crossing Reservoir is shown on plate 21. 
This curve was· developed from monthly water;_supply routings based on 
the runoff in table 31 and· evaporation data developed from that pre,... 
senteci in table l2. · ·. · • · · · · · 

53•. FLOOD-CONTROL EFFECTS.-· In order to evaluate the flood
control· effects of: the ·reservoirs ·investigated in·-this study, the 
peak discharses for the- da:mag:l.ilg floods of record were d~termined at · 
the principal gaging stations w1 thfn the affected areas with and w:i. th
out the reservoirs• in operation. · The procedures involved the use of 
observed· and estimated reservoir inflows, streamflow records and 
routing procedures;. . The ·floods of record were ·routed through the 
reservoirs in accordance with the- regul.S.ting criteria set forth in . 
paragraph 52, STORAGE. REQUIREMENTS. The floods were routed thro~ 
Mantell, Concan, sabinal and Cl,optin Crossing Reservoirs ·starting with 
empty flood.;._control pools. The· larger .floods of the upper Nueces. 
River Basin which .were .routed· through Mantell Reservoir were the June 

·1935, June i9391 and September 1955 storms~ the larger fJ_oods of the 
upper Frio River Basin which -were routed through Concan Reservoir were . 
the June-July 19321 June 19351 and September 1936 storms;. the. June-~1958 
flood was among tbe larger floods which were routed through Sabinal 
Reservoir; and the May-June 1929 and September 1952 atoms· were amOng 
the larger floods in the Blanco-San Marcos River .Basin which were routed 
thro.ugb Cloptin Crossing. Reservoir.. !lbe ·resuits of these floo~ routings 
are ~umioarized in table 33~ The reservoir regulation during these flood 
periods ·is shown graphically. ·on plates 22. through 28. 

54 ... MINIMUM INFI-LTRATION INDICES.... .Infiltration indices were 
computed for the Nueces River watershed above the Laguna. gase; for _the 
Frio River watershed above the Concan gage; for the Sabinal River· 
w.tershed above the ·sabinal gage; and for the Blanco River watershed 
above the Wimberley and J<Yle_gages, using the method described in 
EM-lll0..,2-14o5, ''Flood Hydrograph Analyses and Computations." Initial 
losses in the ~tersheds ranged from a minimum of 0.25 inch to a maxi-. 
mum of 3.00 iJ;~chesc. The range in infiltration indices was .from 0.09 
inch ;per hour to Oo82 inch per nour~ and the runoff varied from ll~2 
percent to 80o5 percent of the rainfall.. The results of these compu
tations are given in tables 34· and' 35o Based· upOn thes~ studies an 
initial loss of 1.00 inch and an infiltration rate of 0 .. 15 inch per 
hour· was adopted for the upper Nueces and Frio River watersheds. The 
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Flood 

June 1935 

Jllly 1939 

Geptet,ioer 1955 

Jllly 1932 

JLtne 1935 

September 193G 

June 1958 

!.loy-June 192~· 

fier>ter.tbcr 1952 

TABLE 33 

IIYPOTHEIJ.'IC/IL H:CSETIVOD R:!:GUI.:\'HOir 

Peak 
in:flo'\T 

(c.:f'.s.) 

2h5,000 

205,1~0 

295,300 

159,200 

119,000 

55,200 

Peak 
ouJ~:r1m1 

(c.i'.s.) 

I.iONT:n,r, Th~S3HVOIR 
D.A. = (O't sq.cii. 

5,000 

1,000 

1, oo:; 

COUCl',!I lill0EHVOIH 
D./,. = 391 ~q.mi. 

750 

750 

750 

G/1BIN.'\L RESERVOIR 
D.A. = 210 sq.mi. 

500 

CLOPTI!i CROSSIHG P.ZSEIWOIH 
D.l\. = 30'{ !iq. r.li.. 

105,h00 5,000 

GS,6oo 5,000 

II-133 

Storage required. 
(acre feet) 

239,300 

7C,4oo 

134,700 

137,600 

136,500 

51,300 

28,500 

76,200 

61,100 



CORPS OF ENGINEERS US ARMY .. 
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r-· MAK. ST~ 2!9;3CO AC. FT. ""'"\ 380 ~ t:: zso 250'" 160 
·~ 

~gzoo 200: ~ 340 140 

I NO~E: 
:a 

.. ~ISO 1--· 150 I! S20 )20 

f!: I. DUIU.· PURPOSE STOIIAGE AT SPILLWAY i! 
liOO i; 100 CREST • 239,300 AC:. FT. 

100 :I soo 
2, STORAGE IN RESERVoiR DUE TO 

.:.1 so PRECEDING FI.OOD THAT OCCURRED 280 280 IN MAY SO: 
J .. 3. DUIU.·PURPOSE STORAGE RECECES TO .. 

; 
0 ZERO ON DEC. 14, 1935. 0 2m 2GO 

~- ZOO.; .. .: 
o220 220 .. 
0 

200, 0 
zoo zoo -zoo 

245 ·.oooc.F.s. !: 
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110 ISO =••o 1110 .. ., .. c 
ISO~ ISO 180 ~~so . z 

::!140 MONTELL RESERVOIR J40: a,40 140~ 
ti • 
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120 120 
0 
0 NUECES RIVER AT COTULLA TEXAS I--1oo 100! 100 100 
i! 

'--INFLOW 186.21 IOCF.S. 

1: eo ll 110 so 

sol 
69 700 C. F. S. 

110 ' 60 .. I ,\ ~NATURAL a i! 
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20 J zo /I r~ ...... I 
u X O'fFLOj 20 

1/ 'r-+- 20 

0 0 0 0 
10 II 12 IS 14 15 16 17 16 It 20 Zl 22 23 24 25 28 Z7 28 2t 30 I 2 3 10 II II 13 14 15 IS IF 10 It 10 II II IS 14 IS II t7 II It 30 I I s 

JUNE .. ULY .AI~ .SVLY 
19115 1955 

j 

300 100 
282 OOOC.FS 61 OOOC.F.S. 

280 280 

zao 260 

240 240 

2ZO 220 

- .. zoo 200.,; 
..: .: 
uiSO NATURAL 180u 

'lao 
. 

NUECES RIVER NEAR UVALDE TEXAS 160 
!! 
.,140 140 .. I .. 
ll20 I• 

120 

iiiOO -'"MODIFIED 100 
I I 110 
I I 

eo 

60 
I 

X 
60 

40 

\ 
40 

20 r- 20 
f-. 

0 0 
10 II II 13 14 15 IG 17 IS It 20 21 2t u 24 25 26 27 21 n 30 I 2 1 GUAIIALUP£,SAN AHTilNO & NI£ESRMRSAIIO'TRIIIU1liRES,TEXAS 

JUNE JULY EDWARDS UNDERGROUND RESERVOIR 1955 . NUECES RIVER 

RESERVOIR REGULATION 
FLOOD OF JUNE 1935 

SCALE AS SHOWN 
U.S. NI:Jitt ENGlNEER DISTRICT: RlRf WORTH DEC. 1964 

- [!~¥--
1"0!7._z . J?J:""/.'Ju.( H.&, a 

- [/_ -;;-..; ..::·· 
~~~"L 1====-~=-=ltW . ----'---;,..._ . ~ OCUD t~t:•ola. n~:GIIAD 707·2 
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~~=.-...;;:.#9&}.84+1 
(:!!!t..S. .. ..&H..te 

i 
CORPS OF ENGINEERS 

US ARMY ' .. .. 

100 100 

"'"' 1:-_ MAX. s'roRAGE ~6.400 Ad. FT. r ~::; 80 eo. ~ 
~c 

/ 
,.... 

_l 
60 I! leo h 40 

IIOTE: OUAL PUftPOSE STORAGE AT SPILLWAY CREST • 239,300 AC. FT. 
DUAL PURPOSE STORAGE RECEDES TO ZERO 011 SEPT. I, 1939. 40 !a 

~~ 20 
I 

20 II J ... 
0 I 0 

120 120 

II 205 400 C.f:S, 

100 100 120 120 ... • • "' J ... 
§ 80 60 I 

~ 
100 100 

i!l I 

I I I 60 MONTELL RESERVOIR 60 .. 80 I .. 
"' 80 

"' ... ... 15 
I § ~ 40 I 
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20 20 I I 
40 40 It \ ' j ____ 
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20 20 
JULY 1939 
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' 2 000 C.FS --0 0 12 13 14 15 16 17 18 1& 20 21 22 2S 

.u:t ltlt 
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I 

1 

! 
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I 
! 

20 
20 

SOOOC.fS, ~ ~~ lED 

0 7" 
12 IS 14 15 16 IT 18 19 20 21 22 23 

0 

»..YI939 GUADAWI'E, SAN ANlllHIO 8 NU£CES Ri-ERS A"'l TR!IIIImRES. TEXAS 

EDWARDS UNDERGROUND RESERVOIR . NUECES RIVER 

RESERVOIR REGULATION 
FLOOD OF JULY 1939 

SCALE AS-
US. AIOn ENGINEER IJISTRICT FORT WORTH DEC.I964 

. ~2~-- ~/..L _ _-IC?. ).~ ""'-~4. - ....... • A ~· 

·~~.-~· 
._.. ,P.tL• ~~==,~~ 
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CORPS OF ENGINEERS 
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~ I I I 

b'- NOTE: I)UAI. PUR~SE ~GE AT S~LLWAY CREST • 2:59,300 AC. FT. 
DUAL PURI'OSE STOIIAGE RECEDES TO ZERO ON OEC. 16, 1955. 
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' 
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80 eo 

80 so 
NUECES RIVER NEAR ASHERTON TEXAS 

40 40 

20 uoocers. ATURA 10 

~~ 
k? ... 1'-~ ~CFS.TIFIED 

0 --~ 
25 28 0 IJ 18 " 30 I 2 J • e 
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~ 

i 

100 100 

eo 80 

80 I 
80 

NUECES RIVER AT COTULLA TEXASJ 

40 40 

20 lO 

IL!h 
,.....,, .... ... 

~ 
~ ....... -~ -' 

0 0 28 27 " 29 30 I l 5 • 5 • llPTPIER OCTOBER 
1955 

GUADAl.IIPE,SAN ANTONIO 8 NUECES RIVERS AND TRIIIIII"ARIES,TEXAS 
EDWARDS UNDERGROUND RESERVOIR . NUECES RIVER 

RESERVOIR REGULATION 
FLOOD OF SEPTEMBER· 1955 

sc:au: AS !IHOIIII 
U.S. Allflt'l E- DISTRIC1: FaiT WORTH DEC. 1964 

1/,J.'!".hJ. ...1 #-" -·--- . JZC'L~~ 
:E: . 

~ -· ... ~..... 1:=-"..-=:.-::.:::-
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CORPS OF ENGINEERS 
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NOTE: 
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Rl 
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...... r~o c.rs. ~ 

II 12 13 14 15 IG 17 16 
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~L 
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49000 Cl'! 
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120 
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TO PRECEDING STORM WHICH OCCURED IN MAY. 

.sEIIVOIR RECEDES TO ZERO STORAGE ON - 1-- 10 
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60 

40 

20 

- r-- 0 

- 80 

60 

CONCAN RESERVOIR 40 

20 

IT~ 
0 

II 10 21- 22 23 14 zs 16 27 Ia 
It 
n 

-
~ 

r-- FRIO RIVER NEAR DERBY, TEXAS! f--

9 10 Zl 12 23 24 zs ll 27 II Z9 30 

"""' 
ItS I 

-

U.S. ARMY 

10 80 

~== 60 eo !I~ 
~~ MAX. STORAGE !II, 300 AC. FT. - 1--. o:u 

I!" 

I! I "'I 
40 40 f! J 0:0 

n 
~~ ~~ 20 NOTE: RESERVOIR RECEDES TO ZERO STORAGE ON NOll 29,1936. 20 

J 
0 0 

so ao 
119 000 CI'S. .. " .. "' u 

60 60 
u 

~ IN;L.OW 

!I 2 C.F.S. 
~ 1-

! ! 

I 40 CONCAN RESERVOIRJ 1-- 40 i 
K - § 
0 IS 

20 20 
1- 1-- ~!10 ~F.S. iTF,OW -

0 0 
14 15 16 17 .. ID zo II 2l n Z4 Z5 IS 17 za n 30 I z 3 • s 

SEPTEMBER OCTCIIER 

11158 

' 

'so ao 80 .. 
" 

.. .. .. 
u 

40~ 40 
~ 

40 FRIO RIVER NEAR DERBY, TEXAS 
! 

! 

zo 1 .. 
20 I 10 

NAlu,.AL 
1:s.roo en 

7.&So c.F.S. 
~-

91 15 

l-? MO~iFIE~ ~ N 
0 0 - 0 

14 It 18 " .. .. 20 II zz u 24 z' 26 27 ze 19 30 I z 3 • s 6 7 
SEPTEMBER OCTOBER 

lUG 

GUADALUPE, $AN ANTONIO B NUECES RIVERS AND TRI8UTARIU,UXAS 

EDWARDS UNDERGROUND RESERVOIR 
NOr£: FRIO RIVER 

Dutil ,._ .,_,. "'q/11""' &ral•l41,2()()1kF1. 
RESERVOIR REGULATION 

FLOODS OF JULY 1932, JUNE 1935 a SEPTEMBER 1936 

SCALES AS SHO..,. 
U.S. ARMY ENGlN££R DISTRICT FORT WORTH DEC. 1964 

:Jll~--'LiZ7 .ILd~d.!Mr 
--"':~::.:- JT"'·--=..: .=·· 

~~[~.rKL..' ..,_ a-.:tu•a I~ &eCCWMY IUIIYEYKI.O.f COVPM 
lcuaN IIICIIIDIUQIID aaiNOr• 

oacf':~- ... , ... - c-u&m .. ~ ...... nu· GUAD. 707· 2 
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CORPS OF ENGINEERS 
l U.S. ARMY 

-40 

/ MJJGEL~LJT. .... 
!0 !0 :: .. 

~t: 
~~ ill IV "'§ 

t;~ "'"' 
w- 20 20 f! 
f! .. D 

"'"' "'a NOTE: llUAL IV! POSE STOIIAG£ AT Sf1LLWAY CREST • 89,100 AC. FT. o.c 
i,. llUAL PURPOSE STORAGE RECEOES TO ZERO ON AUG. 17, 1958. .:.a 
.:.i 10 so Jr 
.~ .. 

0 0 

40 1- 40 

55 200 C.F.S. 
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~ 8 
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"' 3 10 
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20 
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..:. ' 0 SABINAL RIVER 0 . IS •• 17 18 ,, 20 21 zt zs 24 25 26 27 28 29 so I 2 s 4 s 8 7 8 9 10 II 

JUNE JU'-.Y RESERVOIR REGULATION 
1950 FLOOD OF .JUNE 19ll8 

SCALE AS SHO\IIN 

U.S. ARMY ENGINEER DISTRICT FORT WORTH DEC. 11164 

' ~?~---
QC&.fiaO,CCT....._ ........ 

1"2,7. / - _lei.!. 'H~ ,y~ (F.. 
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.. CORPS OF ENGINEERS US ARMY 
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1929 !! t- : II\ 
"' -eo 

\\ 
80 

l!l t- I 
"' .. 
§ t- I \\ GUADAWPE RIVER I 1560 

AT GONZALES c;o 

t- I \-I\-1
MODlFIED 

t- I 
\ \ 

40 40 
t- II \ I\ \ 

~ p F TR E. 1- 1/i ' \ -
20 

tl-· .. ~ ~LOOD STA~£0 C F S 
20 

I= EL '992,1 ,. ... :7 .~ 1- _ _:~-:.- -~T-::r::-_ r::-1- ·- ·-i--

"' 9$0 :-- ot;Z - I' J I J I " / --i :--~ 0 ... I --.. 24 25 2G 27 28 29 30 31 t 2 3 4 5 6 1 8 9 tO It t2 t3 t4 t5 _, 
~ - MAY. JUN£ ... 

980 
TllP OF CONSERVATION POOL E:L.SBO. 5 IU~ '-' 

120 120 

-
.. 

100 100 

-

80 80 I i I ,; 
.: 
<S 

§eo !-INFLOW 
60 I I ~ 

~ 
CLOPTIN CROSSING I "' . 3 40 RESERVOIR J 

40 
... 
0 

- t- - t-· 
20 20 

~TF,LOW 
tOO 100 

1-

!"-.. --t--f- r-- ---- -- -- --0 0 1-
24 25 26 27 28 29 30 ill I 2 3 4 5 6 7 8 9 10 II 12 13 60 79 000 CF'.S 

80 Mo\Y JUNE 
t- 1\ 1929 .. 

"' " 61 00 C.F.S 1'\ 1- NATURAL 

~60 
J\ 60 

~ 1\. 
~ - I ' ' 100 100 ;40 GUADALUPE RIVER 1 

40 Ull 202.000 CF. S. (NATURALI - u - ' \ AT VICTORIA I u 
' .. \ I 

63Jo cL. ~JIFIEJ, - i5 - \MOOtFIEO 
80 

II ao 20 J. ' .. l1 :.; --,--r---- - ~; \ r---. zo 
.: ·- I-

... FLOOD STAGE • 12,000 C F 5 ~boo. ~ 1-I--" NAT~RA~ f- II - ...... ~ ...L j_ I I -§so I I 
60 

- --r-t I-- MODIFIED 0 
25 

18 ° - 24 26 27 28 29 30 31 I 2 3 4 5 8 7 8 9 tO II t2 t3 14 " 16 17 i!i SAN MARCOS RIVER 1-- MAY oU'« .. I AT OTTINE - 1929 

140 
I 

40 

M I 
I 0 

20 ~ 20 GUADALUPE, SAN AlfTClNIO 8 MIECES R111ERS AHD TRI8UlliR£S, ~ 
' ' 1- FLOOD STAGE •12,000 C.F.S .. _ EDWARDS UNDERGROUND RESERVOIR I--1- ·- ·- ,__ 1- 1-,-:-: 

..) 'r:::-,., --+::1--+-±-::.:l.-- -- -- . BLANCO RIVER --0 0 
RESERVOIR REGULATION 24 25 28 27 28 H 30 31 I 2 3 4 5 6 7 8 9 10 II 12 13 14 

MAY 
-~ lt29 : FLOOD OF MAY - JUNE 1929 

,.f' SCAl.E AS SHOWN 
U.S. A1INiY ENG~ DISTRICT FORT WORTH DEC.I964 

- ldlZ'~--
1

~./. -I[;:""'; :H . ..t LI.Uu 

~· - :.:"'::."J..':!'Io--~-lf :.:.;.__,;,.; .=·· 
I~F-""j.. ,..__ . ca..- P.DI lro o~~CCMJrUn........, ~ ~ ma.ca ~o~~~ocauau.o ltll:l.'lrWala .... ~-~-- PU&U p:W.I.&. 

RL£:GUA0.707·2 

-II 145 PLATE 27 



----

· .. .::;~;&ff#l my .. !!!! 

CORPS OF ENGINEERS 
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Date ot storm 

September 1-2, 1932 

September 16, 1936 

July 12-13, 1939 

September 23-24, 1955 

June 30-Jul.y 1, 1932 

June 13-14, 1935 

September 16, 1936 

May 15, 1951 

May 23-24, 1954 

June 16-17, 1958 

RaiD!811 
(inches) 

4.6o 

12.59 

5.95 

1.46 

2.07 

10.50 

TABLE 34 

IRFILTRA'l'IOif ABD RIJBOFF DATA 
KtJFm:S RIVER BASill 

Initial :Int11tration 
Rlmott Runoff Loss : Illdex 
(inches) (Percent) (incbes):(inches/hr.) CoDditions preceding each storm 

1.65 

1.40 

2.18 

5·75 

4.79 

1.n 

0.27 

0 ...... 

2.46 

IM1X:ES RIVER !fEAR LAGU!A, TEXAS (DRAINAGE AREA - 764 sguare miles) 

35·9 

46.2 

46.2 

1.50 

0.50 

1.30 

2.00 

0.18 

0.17 

0.17 

0.36 

Moist - Light rein August 25-30; heavy rain A\18UBt 31. 

Moist -Light rein on Septelllber 12; heavy rein on September 13: light rain on 
September 14; heavy rein on Septelllber 15. 

Dry - Ito rain July 1-8; light rain July 9: no rein July 10: light rein 
July 11. 

Dry - lo rain September l-12; light rain Septe=ber 13; no rein 
September 14 -22 

FRIO RIVER lfBAR COIICAll, 'l'EXAS (DRAI1lAOE AREA - 1Jo5 square miles) 

46.0 

8o.5 

39·7 

2.8o 

0.25 

0.90 

0.45 

0.()9 

0.42 

Dry - Ito rain June 5-29· 

Wet - Light rain Juno l-2; no rain June 3-4; IIIOderate rain June 5: no rain 
June 6-9; light rain June 10; moderate rain Juno 11.: heavy rain June 12. 

Moist - lo rain September 1-12; moderate rain September 13; heavy rain 
September 14-15. 

SABIJW. RIVER !fEAR SABIJW., TEXAS (DRAIJWJB AREA - 2o6 square miles) 

0.50 

0.30 

0.118 

Dry - Moderate rain on May 6; no rain May 7·13; light rain May 14. 

Dry - lfo rain May 1·17; light rain May 18; no rain May 19-22. 

Dry - lo rain June 1-15. 



: Ra1Df'al.l 
Date or storm :{inches} 

May 27-28, 1929 8.95 

May 10-12, 1930 1.67 

Juna 30-July l, 1936 3·92 

April 27-28, 1938 2.16 

H 
H 
I April 7-8, 19'12 2.)4 .... 

Vl .... 
September 9-101 1952 13.75 

April 24-25, 1951 4.47 

Ma7 2-3, 1958 3·15 

October 3-4, 1959 6.o8 

'l'ABLE 35 

ID1ti81 ID1'1ltratiOD 
~ft ~ft Loa a IDdex 
{inches} {Percent} {inches} {inchesLbr.} CoD41tioDB 2reced1~ each storm 

3-69 

• 28 

1.01 

.48 

-30 

lf.a! 

1.22 

1.68 

.68 

liLAJICO RIVER lEAR WlMBBRLBY {DRAiliAOB AREA - 3~3 square lldles) 

41.2 1.80 ·" Moist -Light raiD Hey 11-18; DO rain May 19-22; heavy rain Hey 24 & 26; 
trace OD May 25. 

16.8 1.00 .61 Dr,y - Light rain May 2-6; moderate rain May 7; no rain on May 8-9 • 

25.8 1.00 .46 Dr,y - llo rain June 1-27; light rain on June 28; moderate rain June 29. 

22.2 0.90 .49 Dr,y - llo rain April 8-14, moderate rain April 15-19; no rain April 20-24; 
light rain April 25-26. 

12.8 1.50 .82 Dr,y - Light rain April 1; no rain April 2-6. 

29-3 1.50 ·50 Dr,y - llo rain August 1-Septeaber 8. 

27-3 2.8o .25 Moist -Light raiD April 1-4; no rain April 5-10; trace .April ll-14, 18, 21: 
light rain April 15-17, 23; moderate rain April 19,22. 

53·3 0.80 .112 Dr,y - llo rain April 22-25, 29; light rain April 26-27; trace April 28, 30; 
ligbt raiD May 1. 

~0 RIVER liBAR K!LE {DRAIJ11.3B AREA - 410 square lldleo) 

11.2 3.00 ·51 Dr,y - No rain September 15-21; light rain September 22-25; no rain 
September 26-28; light raiD September 29·30; light rain October 1; no rain 
October 2. 



comparative values adopted for the Sabinal and Blanco River watersheds 
are 1.00 inch and 0.25 1nch per hour. These adopted values were used 
in the preparation of the spillway design flood hydrographs. 

55· UNIT HYDROGRAPH STUDIES AND SYNTHETIC UNIT lfYDROGRAPHS.-
Unit hydrograph determinations were made for selected storms for which 
hydrographs were available at the Laguna gage on the Nueces River, at 
the Concan (!Jige on the Frio River, at the near Sabinal gage on the 
Sabinal River, and at the Wimberley gage on the Blanco River. These 
studies were made in accordance with EM 1110-2-1405. The studies on 
the Blanco River watershed were submitted to the Office, Chief of 
Engineers, with letter ffi.TFGP··Hy, subject: ''Unit Hydrograph Compilation, 
Blanco River at Wimberley, Guadalupe River Basin, Texas," dated June 19, 
1963. Those on the Nueces River watershed were submitted with letter 
SWFGP-Hy, subject: ''Unit H.ydrograph Compilations, Nueces River at 
Laguna, Frio River at Concan, Sn"binal River near Sabinal, Nueces River 
Basin, Texas," dated March 4, 1964. Uni"t hydrograph pertinent data 
for the storms studied on the Nueces River at Laguna, Texas; the Frio 
River at Concan, Texas; Sabinal River near Sabinal, Texas; and the 
Blanco River at Wimberley, Texas, are shown on plates 29 through 32.? 
respectively. These unit hydrog.raph determinations were used as a 
basis for the adoption of the following coefficients to be used in 
Snyder's equations for the derivation of synthetic 3-hour unit hydro
graphs: Upper Nueces River watershed Ct = 0.60, cp64o = 450; Blanco 
River watershed Ct = 0.65, cp64o == 450. The adopted coefficients, 
representing a 3-hour duration, were adjusted in accordance with 
EM lll0-2-1405 to a 2-hour duration for use at Sabinal Reservoir. The 
synthetic unit hydrographs for natural flow at the dam sites were de
veloped for selected periods of rainfall in accordance with EM 1110-2-
1405. The unit bydrographs for flow into full reservoirs were derived 
by subdividing the drainage area above the dam sites into several areas 
as follows·: (a) reservoir area, (b) area adjacent to the reservoir com
posed of llumerous small areas with no well-defined drainage divides_, 
and (c) the portion of several creeks from sides and above the head of 
reservoirs. Unit hydrographs were developed for the individual areas 
and the ordinates of these unit hydrographs added graphically to ob
tain the composite unit hydrograph for flow into full reservoir. The 
runoff from the reservoir area was not included in the unit hydrograph 
for flow into full reservoir; but runoff rates were assumed equal to 
rainfall rates and added directly to the computed design flood. The 
synthetic unit hydrographs for natural flow and for flow into full 
reservoir for the four projects are given in tables 36 through 39· 

56. SPILLWAY DESIGN STORMS.- The spillway design storms adopted 
for use in this report were computed following a method described in 
the u. s. Weather Bureau .Hydrometeorological Report No. 33, dated April 
1956, subject: "Seasonal Variations of the Probable Maximum Precipita
tion East of the 105th Meridian for Areas From 10 to 1,000 Square Miles 
and Durations of 6, 12, 24, and 48 hours." The-rainfall quantities as 
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determined from H.R. No. 33 are not adjusted for differences in shape 
and orientation between the pattern storms and the watersheds above 
the investigated dam sites. Therefore, based upon analyses of appro
priate pattern storms, a ten percent basin shape reduction factor was 
adopted for each of the projects. 

57. The distribution of the maximum 6-hour rainfall was de
termined in accordance with the method set forth in EM 1110-2-1411 
(Civil lforks Engineer Bulletin No. 52-8, dated March 26, 1952, subject: 
"Standard Project Flood Determinations.") A 3-hour increment of rain
fall was used for Montell, Concan, and Cloptin Crossing Reservoir. 
For Sabinal Reservoir the rainfall was broken down in 2-hour increments. 
The ·ten percent basin shape reduction factor was applied to the unad
justed rainfall, and smooth curves were drawn through points based 
upon the adjusted rainfall values. The predetermined increments of 
rainfall were taken from these curves. The critical arr.angements of 
rainfall adjusted for basin shape and adopted as the spillway design 
storm rainfall for Montell, Concan, Sabinal, and Cloptin Crossing 
Reservoirs are shown in tables 40 through 43, respectively. The 
tables also indicate the loss and rainfall excess for the above 
projects. 

58. SPILLWAY DESIGN FLOOD HYDROGRAPHS.- Spillway design flood 
hydrographs representing flow into full reservoirs were determined 
for Montell, Concan, Sabinal, and Cloptin Crossing Reservoirs by apply
i.ng the rainfall-excess values given in tables 40 through 43 to the 
appropriate unit hydrographs given in tables 36 through 39, and adding 
to the resultant flood hydrograph the runoff from the reservoir surface 
(as·sumed at a rate equal to the rate of rainfall). As a result of a 
study of average base flow conditions at the dam sites, no base flow · 
was considered in the computation of the spillway design floods. The 
resulting spillway design flood hydrographs had, at Montell, a peak 
discharge of 893,900 second-feet, and a runoff volume of 821,300 acre
feet; at Concan, a peak dischar@e of 592,500 second-feet, and a runoff 
volume of 489,4oO acre-feet; at Sabinal, a peak discharge of 381,800 
second-feet, and a runoff volume of 249,000 acre-feet; and at Cloptin 
Crossing, a peak disc~rge of 414,900 second feet, and a runoff volume 
of 353,000 acre-feet. 

59· The spillway design flood hydrographs for natural flow at 
the dam sites were based on the unit hydro~phs for natural flow at 
dam site given in tables 36 through 39 and the rainfall excess given 
in tables 40 through 43. The computed natural hydrographs had, at 
Montell, a peak dischar~ of 882,000 second-feet, and a runoff volume 
of 815,600 acre-feet; at Concan, a peak discharge of 591,600 second
feet, and a runoff volume of 485,900 acre-feet; at Sabinal, a peak 
discharge of 336,700 second-feet, and a runoff volume of 245,300 acre
feet; and at Cloptin Crossing, a peak discharge of 409,800 second-feet, 
and a runoff volume of 343,800 acre-feet. 
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DEPARTMENT OF THE ARMY 

OBSERVED UNIT HYDROGRAPHS 
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TIME AFTER START OF RAINFALL EXCF..SS IN HOURS 

CORPS OF ENGINEERS 
DRAINAGE AREA CHARACTERISTICS 

DRAINAGE AREA 764 sq. mi. l 60.2 mi. 
MAXIMUM ELEVATION 2400 ft. m.s.l. . l 30.6 mi. 
MINIMUM ELEVATION 1220 ft. m.s.l. ( L ) · 
MEAN ELEVATION (weighted) ft. m.s.l. DRAINAGE DENSITY 
LAND SLOPE lt./mi. MAP SCALE 
MAIN STREAM SLOPE 1785 fl/ mi. METHOD OF FLOW SEPARATION 

ELEVATION IN FT. M.S.L. 
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DATE OF RAINFALL LEGEND 
AVE. 

p 
(in.) 

RAINFALL EXCESS LcP STAGE OpR Op tpR tp tv c,R C, K T 
DURATION AMOUNT (mi.) RECORD (c.f.s.) tr:. 2 hrs. (hr.)(lw.) (hr.) 6oCO (hr~) (hr.c) 

(hr. ) ( '"· ) (c. f.s. ) 
1----r-JI J----+--~(2:::-:J-+-:(3~J4----r~.-:---+-~rs::-:-)-+u(~'7"r+----::r.;:;";J:---I-- rsi- f- . .:..(.,;Q J,:._:_-J.-...,(J=o,''fm11ii"J +;; (,1;;;-2Jrt-"(1~3.Jr+'(...-:'t4"'.J +-r ... 15rr+J'7(1nrto).,-l 
J----~L-----t---=.::...._-+--~+-....!..:!.-+---=.:::.!--4~'--~- -·- f---·-· . --
~~--=-2-.::S:.:E::.:...P...:.:T.~I9~3-=2--i __ _;l_~4:..::.6:.::0+-__;;.6_~1.:....;:.6:.:5:.____~tr REC. '!0,55C 38,600~ 8 5(9.0 12.6 .89, 451 3.58110 

~~6~...::S~E~P~T~I~9~3-=6~~~2~~3:..::.0:.:3+-__;;.3_~1~.4~0~~~~s=~~-~R=~~--~~~j~~00~~5 6A -~ 5~~~7.5 

12-13 JULY 1939 3 4.72 6 2. 18 Center~R.::.EC=----+:.:::.10~1.1.:!.6:..:_10 110.6~Q_ 34(3.0 5.1 .36 452 2.15 5. 0 

23-24 SEPT. 1955 4 .8.4 7 ~- 3 7 ~- __ ~!! ~~ E~.-. ____ ~~-1.006-82.150 ~-.::!.5·-c~-4=. 5~;_6::;·.:::::5~1-_-.248~~;:4~8~7~:::::3.._:.::_2;4~10;:5~ * tr = 6 hrs. ** r = 3 hrs. 
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ENGINEERING INVESTIGATIONS 
UNIT HYDROGRAPHS' 

PERTINENT DATA 

NUECES RIVER BASIN 

NUECES RIVER AT LAGUNA, TEXAS 

SUBMITTED BY 

DISTRICT ENGINEER, FORT WORTH DISTRICT 
:C:- 155 PLATE 29·· 



DEPARTMENT OF THE ARMY 

OBSERVED UNIT HYDROGRAPHS 

0o 12 24 36 48 60 72 
TIME AFTER START OF RAINFALL EXCESS IN HOURS 

DATA FROM OBSERVED UNIT HYDROGRAPHS 

AVE. RAINFALL EXCESS 
LcP STAGE QpR Qp 

DATE OF RAINFALL LEGEND p DURATION AMOUNT (mi.) RECORD tr= 3 hrs. (ln.) (hr.) (ln.) ( c.f.s.) ( c.f.s.} 

11~ (2) {3) (4} (5) (6) (1) (B) (9) 

30 Jt.J£ -I JULY 1932 ~(I) 12.59 9 5.75 ~psh Rec 28080 38400 

13-14 JUNE 1935 ~--·-(2) 5.95 12 4.79 ~p~ Rec 21920 37690 

16 SEPT. 1936 1---(3) 4.31 4 1.71 ~ Rec 69060 69300"" 

CORPS OF ENGINEERS 
1------...---------~D~RA-::I.;.;.:NA~G.E A REA CHARACTERISTICS 

DRAINAGE AREA 405 sq. mi. --f-L·------------~4-=1-::.8:---mi:-. ---t 
MAXIMUM ELEVATION 2371.0 ft. m.s.l. L 2 3.6 IRI. 

MEAN ELEVATION (wei ted) ft. m.s.l. DRAINAGE DENSITY 0.68 mf. 
LAND SLOPE ft./"!!:__+MAP.:.:.=.....::..:SC:;.;.;A;.=LE=----------~1.;..;: 2~5.....;;0~0~0_,0..__~ 
MAIN STREAM SLOPE 15.68 ft./mi. METHOD OF FLOW SEPARATION TY.PE A 

100 

80 

0 

lpR 1P •• CtR (hr.) (br.) (hr.) 

(10) (11) (12) (1;1) 

4.8 4.5 4.0 0.61 

5.4 4.5 7.2 0.68 

2.7 3.0 2.5 0.34 
i 

' 

C,'-'0 K.,. 
(hr.) 

~ (15) 

332 2.5 

293 3.7 

460 2.0 

' 

2) 

Tc 
(hr.) 

(16) 

4.5 

4.5 

3.0 

ELEVATION IN FT. M.S.L. 

40 60 80 
"4 CHANNEL DISTANCE FROM GAGE 

ENGINEERING INVESTIGATIONS 
UNIT HYDROGRAPHS 

PERTINENT DATA 

NUECES RIVER BASIN 

FRIO RIVER AT CONCAN, TEXAS 

SUBMITTED IY 

DISTRICT ENGINEER, FORT WORTH DISTRICT 
ENG FORM 18ZJ 
I SIEP 19 (BM 1110-2-1405) Tranaluceat REPLACE EDITION OF I OCT 10 WHICH MAY 81!: USEDUN'IL EXHAUSTED JI-157 PLATE 30' 
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ENT OF THE ARMY 

zo 

10 

.. .. 

2 

6 

DATE OF RAINFALL 

(11 

15 MAY 1951 

23-24.MAY 1954 

16-17JU-NE1958 

OBSERVED UNIT HYDROGRAPHS 

:;: .: , . ~ .. ~ ... . 
.1. 4..!": . r 

3 -

:.:t: 

12 

.. 

t::l:.' 
-~ . . ... 

NOTE: 

... !±· 
-e: ·- -

... 

. Ft- . 
·~·.:-· 

i· •. ... 
+•. 

The Unit Hydrogroph 
·for the 1958 storm becomes 
.zero on the 44 fh hour. 

-j::j:;F·l 
·1=1 l=t . 
l=t:d .'i':;.. -•- .. I .. f. . . • .;. : ; E:!'>- : ·: 

! . . ~ ol:! Ff . b~:- ·l=t:· i:F. 
- .;:·· ·;.::r .:t--· :~ ·-: 

'l • ct i$ ,_;-l m'.i:Ht EJ:Eff ~ !$1·1$t.iH~+:mt:t..±: ··! ~ .·ltt.. ~:J':[::t_.;:.; ~ 
18 24 30 36 

TIME AFTER START OF RAINFALL EXCESS IN HOURS 

DATA FROM OBSERVED UNIT HYDROGRAPHS 

AVE. RAINFALL EXCESS 
LcP STAGE OpR 

o, 
LEGEND .P DURATION AMOUNT (mi.) RECORD tr= I hrs. (ln.) (hr.) (ln., (c. I.a.) (c. I.a.) 

(2) (3) (4) (5) (6) {7) "(8) -(9) 

---(1) 1.46 1.0 0.27 Upst Rec 38560 38560 

--- (2) 2.07 2.0 0.44 ~nib Rec 35710 ~*-38970 

-(3) 10.50 6.0 2.46 • lunifol Rec 22420 M9060 
,. 

100 

80 

,,R ,, '• CtR 
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ENGINEERING INVESTIGATIONS 
UNIT HYDROGRAPHS 
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TJ\BLE 36 
SYUTHETIC UNIT HYDROGRAPH FOR 

A t.nUFOID·1 3-HOUR RAINFALL 
lvlONTELL DAM AND RESERVOIR - 707 sq. mi. 

Time in Unit l!ldrosra;Ehs {crsJ 
3-hour periods :F1ou into full re~ervoir: :Natural flo•r at damsi•.;e 

0 0 0 

1 23,420 - 6oo '), 

2 59,230 60,940 

3 33,'(Go 33,540 

4 15,700 1o,2oo 

5 D,r(QQ 12,200 

,. 
5,000 n,soo 0 

7 2,700 5,8oo 

8 1,000 3,900 

9 400 2,100 

10 0 1,000 

11 300 

12 0 

Total 11+9, 930 152,080 
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Time 

TADLE 37 
SYl~THE'l'IC tnliT HYDHOGRJ\PHS FOR 

A UNIFORM 3-HOUR RAINFALL 
CONCAN DAM AND RESERVOIR - 391 sq. mi. 

in Unit Hydroara;ellS {cfs' 
3-nour periods :Flow into full reservoir: Ncturul flot·! at 

0 0 0 

1 20,610 5,060 

2 35,620 ~7 1'"·}1-(J :) , ,e 

3 1h,ooo 20,210 

4 G,ooo 3,400 

5 ~ 6oo j,' 5,200 

6 1,coo 3,1~00 

7 coo 2,100 

8 390 1,300 

9 0 600 

10 0 

'.(otal 82,820 r'iJ. 110 (.) , __ 
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'1'£\llLE 38 
SYllTHl?l'IC UHIT IiYDROGiMPIIS FOR 

1\ UHIFOfU.I z-llOUR MINFJ\LL 
SADIHt\L Df\1-l Al'ill HESERVOIR - 210 ::.q. r:li. 

'l'i."!!e in 
__ _,~-hour periods 

UnH Ilydroe;ro.phn (ere) 
:FlOiv into full reservoir: Natural flO\·! r.tt dumGi·;;~: 

0 

1 

2 

3 

6 

7 

G 

9 

10 

Toto.l 

0 0 

1h;h6o 

2h,!~30 

7' 11()0 

~, "('JO 

'(UCJ 

200 

0 

II-167 

1,220 

W 1 \..1UC: 

(),OUO 

1,500 

'(00 

0 



TA:JLE 39 
sn:T;JE'l'IC UHI'l' IffD!lOGI1i\Pii li'OR 

A UHIFOnl!l 3-HOUR IUIIiF1\LL 
CLOP'!'Ili CnOSSUIG D/\llj l\l'ID llliSBlWOiil - 307 =;q. m·: -. 

Unit, Hyclror;ranhs ( cf's) Tir.1e in 
3-!10\ll' !lCl'iOut: :l•'lou into full ::c:Jcl·voir: No.turo.l flmr nt tl~:.ll:i:>i~c 

0 

1 

3 

I~ 

5 

6 

'7 

8 

9 

'l'otal 

0 

12,230 

23,020 

l:?,500 

,-: -=-·oo . .J, .. ) 

3, c;oo 

2,200 

J.,350 

Gso 

0 

63,!1·50 
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4 ~;r~..! ' . 

::?11, 1~;. 

~ ... ) . .-, 
J..f) I.-.·'·''-

0, ~:cr.., 

5' 30') 

3,500 

2,100 

9QU 

0 

G6,oho 



'l'tJlLZ 40 
HAil'lFALL :\liD RAHili'ALL-EXCESS li'OH SPILU/i\Y DBSIGii s·ro;u,; 

l·lOlF.rELL D:\1·! :'IJ'!D P.ESEHVOIH 

3-hour Avc:ro.e;e rninf':1ll Loss- Ro.ini'o.11-m:ce s::; 
neriod (lnches) (incheu) (inches) ., 

0 0 0 0 
1 .41 .!n 0 
2 .h2 .h2 0 
':) .h3 .h3 0 .) 

h .h3 .1~3 
,, 
~-

5 .41~ .h4 ., 
,J 

6 .45 .115 () 

';' .h8 .45 0'.) . ..) 

8 .h9 .!:5 .Ol; 
0 .50 .1:5 0'-' .. • .,1 

10 .~1 .1.:.5 .oG 
11 .52 .h5 .fJ{ 

12 CL: •.I.- .h5 .10 
13 5n • u .h5 r> • .l 

14 .6o .45 1'-. "' 
15 .G3 .45 .18 
16 

,..~, .115 ... .., .u, . "'·'-
17 :r6 .115 ':'1 ...... -
18 .Uh .1~5 :>o •.J.-
19 1.05 .1~5 .(,0 

20 1.39 .h5 • 91~ 
21 2.00 .h5 1.55 
22 3.11 .45 

_,. ,# 
2.au 

23 l2 .1~6 .45 12.01 
24 2.59 .h5 2.14 

'fota1 32.31 10 .!)8 '), ( ',) 
'-- .. •.; 

II-171 



(A 
'l'ABLE 41 

' RAINFALL AND RAINFALL-EXCESS FOR SPILUIAY DESIGN STOPJ-1 
CONCA!~ DAM AND RESERVOIR 

3-hour Average rainfall Loss Raini'all-e:x:cess 
period (inches) (inches) (inches) 

0 0 0 0 
1 .46 .1~6 0 
2 .116 .h6 0 
3 .47 .45 .02 
4 .47 .45 .02 
5 .47 .1~5 .02 
6 .47 .1~5 .02 
·r .4~( .45 .02 
0 .4~( .45 .02 
Q .48 .45 .03 .. 

10 .50 .h5 .05 
11 • 51~ .11·5 .09 
12 .55 .1~5 .• 10 
13 .56 .1~5 .11 
14 .58 .1~5 .13 
15 .61 .1~5 .16 
16 .63 .h5 .1& 
17 .eo .45 .35 
18 .83 .45 .38 
19 1.00 .1~5 .55 
20 1.14 .1~5 .69 
21 2.03 .45 1.58 
22 2.71 .45 2.26 
23 13. gl~ .45 13.49 
24 3 .1~8 .115 3.03 

Total 34.12 10.82 23.30 
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(!It\ TABLE 42 
~ 

RAINFALL AND RAINFALL-EXCESS FOR SPILLWAY DESIGN STOru4 
SABINAL DJ\M AND RESERVOIR 

2-hour Average rainfall Loss Rainfall-excess 
period (inches) (inches) (inches) 

0 0 0 0 
1 .31 .31 0 
2 .33 ·33 0 
3 .33 ·33 0 
4 .33 ·33 0 
5 .33 ·33 0 
6 .33 .33 0 
7 .33 ·33 0 
8 .33 .33 0 
9 .33 .33 0 

10 .33 ·33 0 
11 .33 .33 0 
12 .33 .33 0 
13 .33 .33 0 
14 .33 ·33 0 
15 .35 .35 0 
16 .35 -35 0 
17 .35 -35 0 
18 .35 .35 0 

19 .35 -35 0 
20 .35 ·35 0 
21 .38 .38 0 
22 .40 .40 0 
23 .40 .40 0 
24 )I() .40 0 
25 .h2 .42 0 
26 .45 -~·5 0 
27 .45 .45 0 
28 .50 .50 0 
29 .70 .50 .20 
30 .90 .50 .40 
31 1.30 .50 .so 
32 1.60 .50 1.10 
33 2.00 .~0 1.50 
34 3.88 .50 3.38 
35 10.67 .50 10.17 
36 1~ .85 .50 4.35 

Total 36.00 14.10 21.90 
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TABLE 43 

RAINFALL AND RAINFALL-EXCESS FOR THE SPILL'VTAY DESIGN STORM 
CLOPTIN CROSSING DAM AND RESERVOIR 

3-hour : Average rainfall : Loss : Rainfall-excess 
period (inches) :(inches) (inches) 

0 0 0 0 
1 .46 .46 0 
2 .47 .47 0 
3 .47 .47 0 
4 .47 .47 0 
5 .1!-7 .h7 0 
6 .1~1 .47 0 
1 .l!8 ···8 0 
8 .r~a .48 0 
9 .48 .48 0 

10 • !~8 .48 0 
11 .50 .50 0 
12 -5h .54 0 
13 .58 -58 0 
ll~ .62 .62 0 
15 .66 .66 0 
16 .70 .70 0 
17 ·75 ·75 0 
18 .85 ·75 .10 
19 ·95 ·75 .20 
20 1.10 ·75 ·35 
21 1.95 .75 1.20 
22 3.70 ·75 2.95 
23 14.8o ·75 14.05 
24 2.90 ·75 2.15 

'IDTAL 35·33 14.33 21.00 
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60. SPILLWAY DESIGN FWOD ROUTINGS.- The spillway design flood 
bydrographs for flow into full reservoir were routed through Monte~l~ 
Concan, Sabinal, and Cloptin Crossing Reservoirs assuming an initial 
reservoir level at the top of the controlled storage. The routing 
computations indicate the maximum reservoir levels and the peak out
flows for the reservoirs would be as follows: 1366.0 feet msl and 
5811000 second-feet at Montell1 1394.2 feet msl and 4331 000 second
feet at Concan, 1238.8 feet msl and 270,600 second-feet at Sabinal, 
and 1017.5 feet msl and 196,4oo second-feet at Cloptin Crossing 
Reservoir. The spillway design flood inflow-outflow bydrographs and 
reservoir elevations for Montell, Concan, Sabinal, and Cloptin Cross
ing Reservoirs are shown on plates 33 through 36, respectively. 

61. FACTORS OF SAFETY AGAINST OVERl'OPPING.- To evaluate the 
factors of safety to the dams provided by the freeboard storages and 
the spillways, floods greater than the spillway design floods were 
constructed for routing through the reservoirs. Two tests were im
posed on the reservoirs for this purpose. The first test consisted of 
increasing the peak discharges of the spill,lay design floods by various 
amounts but holding the volume equal to that of the spillway design 
floods. The second test consisted of increasing both the peak dis
charges and the volumes of the spillway design floods by various 
percentages. 

62. The hypothetical flood bydrographs for the first test, i.e., 
increasing the peak discharges of the spillway design floods and hold
ing the volumes constant, were computed for flow into full reservoir 
condition. The unit bydrographs for the flow into full reservoir 
condition were modified by increasing the unit hydrograph peaks for 
the areas above head of reservoir by 10, 25, and 50 percent. The hypo
thetical flood hydrographs were developed by applying the modified unit 
hydrographs to the rainfall excess from the niaximum 6-hour ·period of 
rainfall excess for each spillway design storm while using the adopted 
unit hydrographs for the remaining rainfall excess. 

63. The hypothetical flood hydrographs for the second test, i.e., 
increasing both the peak discharges and flood volumes by various per
centages, were developed by increasing each ordinate of the spillway 
design floods for the flow into full reservoir condition by 10, 25, and 
50 percent. 

64. In order to obtain a comparison between maximum reservoir 
elevations produced by the spillway design floods and the hypothetical 
flood hydrographs, the hypothetical floods were routed through the pro
posed reservoirs under the same assumptions as were the spillway design 
floods. The results of these studies for Montell, Concan, Sabinal, and 
Cloptin Crossing Reservoirs are shown on plates 37 through 40, respec
tively. The routing studies indicate that the spillway design floods, 
under conditions of flow into full reservoir, could be increased about 
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22, 29, 26, and 37 percent in both peak and volume, without overtopping 
the Mantell, Concan, Sabinal, and Cloptin Crossing dams, respectively. 

65. GUIDE TAKING LINE,;- The guide taking line for the recommended 
reservoirs has been based upon the policy for real estate acquisition 
set forth in Change 9 dated March 9, 1962, of EM 4o5-2-150. The upper 
guide contour has been established at five feet above the top of con
trolled storage for Montell, Concan, and Cloptin Crossing Reservoirs 
and three feet above top of gates for Sabinal Reservoir. The upper 
guide contours thus established have been adopted throughout the entire 
reservoir area. More detailed studies will be made during preconstruc
tion planning stages to evaluate the backwater effects in the upper 
reaChes of the reservoirs. The adopted elevations for the upper guide 
contour are 1336.0 for Montell Reservoir, 1371.5 for Concan Reservoir, 
1229.5 for Sabinal Reservoir, and 1003.0 for Cloptin Crossing 
Reservoir. 

66. RELOCATION CRITERIA.- The criteria for the alteration or 
relocation of railroads , highways, bridges, and utili ties is based 
upon the addition of a reasonable freeboard to the higher of the fol
lowing levels: {1) the top of the flood-control pool or {2) the maximum 
elevation of the 50-year reservoir operation resulting from flood 
occurrences on a full conservation pool after 100 years of sediment 
deposition. In the upper portions of the main part of a reservoir 
and on tributary arms, the foregoing criteria or the envelope curve 
of the backwater profile for the 50-year reservoir operation plus 
freeboard will be adopted. For the purpose of this report the same 
elevations adopted for the upper guide taking line in paragraph 65 
have been adopted as the basis for relocation estimates. More de
tailed studies will be made during preconstruction planning stages. 

67. FREEBOARD REQUIREMENTS.- Freeboard requirements for the 
recommended projects were determined in accordance with the method 
set forth in a paper by Saville, McClendon and Cochran entitled, 
11Freeboard Allowances for Waves in Inland Reservoirs 1 " Journal of the 
Waterway and Harbors Division, Proceedings American Society of Civil 
Engineers, May 1962, distributed by OCE with Civil Works Letter 62-8 
dated 6 August 1962. Computations for wave heights and wave runup 
were based on the computed effective fetch at the maximum water surface 
for each reservoir. The computed wave height and total freeboard for 
an overland wind velocity of 40 miles per hour (52 miles per hour 
over water) was adopted as a basis for design. The results of these 
computations are summarized in table 44. 

68. HYDROLOGIC NETWORK.- It is proposed to supplement the 
existing rainfall and streamflow stations by expanding the hydro
climatic and hydrologic reporting networks. The records and reports 
will be used to update hydrologic design criteria for preconstruction 
planning; in connection with construction activities; arid to prescribe 
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TABLE 44 

FREEBOARD REQUIREMENTS 

: Maxo design :Total :Total :Elevation 
:water surface Effective:required :freeboard:at top 

Reservoir elevation fetch :freeboard:provided :of dam 
(ft. msl) (miles) : ( feet)( 1) : (feet) :(ft. msl) 

Montell 1366.0 2.96 3.8 5·0 1371.0 

Concan 1394.2 1.73 2.9 5·3 1399-5 

Sabinal 1238.8 2.01 3.2 5.2 1244.0 

Cloptin 
Crossing 1017·5 2.10 3·3 5·5 1023.0 

(1) Based on an overland Wind velocity of 40 miles per hour (52 
miles per hour over water) and computed wind tide. 
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flood~ontro~ regulations for the recommended reservoirs. The ex
panded network will include inflow and outflow stations and reservoir 
level gages at the recommended projects, Mantell, Concan, Sabinal, and 
Cloptin Crossing Reservoirs. Evaporation and recording rainfall sta
tions also will be provided at Mantell, Concan, Sabinal, and Cloptin 
Crossing Reservoirs. Appropriate instrumentation for the study of 
ground water, the accurate determination of base flaWs and recharge 
values and the investigation o£ wa·ter quality will also be con
sidered after·the project is authorized, in line with the Bureau of the 
Budget Circular No. A-67 dated 28 August 1964. Detailed requirements 
for the complete hydrologic network will be presented in connection 
with preconstruction planning studies~ 
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THE EDWARDS RESERVOIR 

69. GENERAL.- The Edwards Reservoir is a segment of an aquifer 
that extends some 250 miles from Austin westward to Comstock. That 
segment of the aquifer known as the Edwards Reservoir, which is the 
source of water for some one million people in the area including the 
city of San Antonio, lies between the cities of Kyle in the Blanco River 
watershed on the east and Brackettville in the West Nueces River water
shed on the west. Ground water divides at these two locations separate 
the Edwards Reservoir hydrologically from adjacent portions of the aquifer. 
The centerline of the aquifer connects roughly the cities of Kyle, San 
Marcos, San Antonio, Uvalde, and Brackettville. The aquifer is roughly 
175 miles long and varies in width from 5 to 25 miles. The northern or 
upper boundary of the aquifer coincides approximately with the upper 
boundary of the Balcones Fault Zone while the lower boundary is less 
well defined, being simply the beginning of an area of low transmissibi
lity or poor circulation. The normal flow of water to the south in the 
underground reservoir is blocked by this zone where the circulation is 
restricted, which causes the water to flow in an easterly direction 
toward San Antonio, thence in a northeasterly direction toward Kyle. 
The lower limit of the Edwards Reservoir is commonly called the "bad 
water line." South of this line, the water is charged with notice-
able amounts of hydrogen sulfide and there is an appreciable increase 
in the hardness of the water. The approximate boundaries of the reser
voir are shown on plate l. 

70. As previously stated, one of the purposes of this investigation 
is the determination of whether improvement of the yield of the Edwards 
Reservoir is possible. The following excerpt from a published report Y 
is considered pertinent to this investigation: 

"The dependable yield of a reservoir such as the Edwards 
limestone over a long period cannot be in excess of the 
average rate of replenishment. • • • Depending on the 
Edwards Reservoir to meet all future demands • • • would 
result in overpumping of the reservoir with consequent 
depletion of storage and large continuing declines of 
water levels in wells. Eventually the reservoir would 
be depleted to such an extent that it would be impossible 
to obtain more water through wells than the amount enter
ing the reservoir as recharge, and large sections of the 
reservoir would be almost completely dewatered •••• " 

Prior to the drilling of wells into the reservoir, a natural balance 
existed between recharge to the reservoir and discharge from the 
springs. Large scale withdrawals from wells upset this balance and 
result in the lowering of water levels in the reservoir. As the reser
voir level continues to be lowered by an excess of pumpage over rechSrge, 
the springs stop flowing as the level drops below the spring outlets. 

]} Progress Report on the Edwards Limestone Reservoir by Wm. F. Guyton 
and Associates, June 1959· 
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71. RECHARGE.- Inflow to the reservoir is in the form of recharge 
and cannot actually be measured, but must be estimated by one of several 
methods. Ideally, the amount of recharge from a particular stream may 
be determined as the difference between flow measured immediately above 
and immediately below the recharge zone. If the capacity of the recharge 
facility may be determined, then the measurement of flow above the 
recharge zone is sufficient to determine the amount of recharge. Esti
mates of recharge for each of the several streams crossing the zone of 
recharge of the Edwards area have been determined by the most applicable 
procedure and published by the San Antonio City Water Board and by the 
Texas Water Commission in cooperation with the u. S. Geological Survey 
and several state agencies. These recharge values were reviewed and 
those published by the Texas Water Commission were adopted for use in 
this report. A tabulation of the total annual recharge values for the 
contributing area is given in table 45. 

72. SPRINGFLOW.- The principal springs which serve as natural 
outlets for the Edwards Reservoir are Leona Springs, San Antonio, and 
San Pedro Springs, Hueco Springs, Comal Springs, and San Marcos 
Springs. The flow from each of these springs is dependent to some 
extent on the level of the underground reservoir. As the level 
declined in the recent drought period, several of the springs ceased 
flowing in 1950. Comal Springs ceased.flowing from June 13 to about 
November 3, 1956, and San Marcos Springs experienced one of its lowest 
flows of record during 1956, Flow from each of the springs has been 
determined mainly by the Ground Water Branch of the U. s. Geological 
Survey and published in previous reports. A study of·these spring
flow records and the records of water levels in Beverly Lodges Well 
(H-26) indicated that a good correlation existed between total 
annual springflowand the year-end elevation of Beverly Lodges Well. 
The curve on plate 41, resulting from this correlation, was used in 
subsequent routing studies for the Edwards Underground Reservoir. 
A tabulation of the total annual flow of the major springs of the 
Eawards Reservoir area is given in table 45. 

73. WELLS.- The first irrigation well tapping the Edwards 
Reservoir was drilled about 1884. Accurate early records of with
drawals through wells are not available but it has been estimated 
that in 1897 well discharge amounted to about 29 million gallons 
per day in Bexar County. The majority of the wells are in Uvalde, 
Medina, and Bexar Counties. Table 46·is indicative of the increase 
in withdrawal-s through wells which has occurred in these counties 
The estimated historic annual rtithdrawal from wells for the period 
1934-1962 has been estimated by the Ground Water Branch of the u. S. 
Geological Survey and is presented in table 45. 

II-202 



TABLE 45 

RECHARGE AND DISCHARGE - EDWARDS UNDERGROUND RESERVOIR 
{1000 Acre-Feet) 

Withdrawal 
Year Recharge Spring flow through wells 

1934 180 346 102 
5 1258 454 103 
6 910 517 113 
1 401 .467 120 
8 433 457 122 
9 399 330 119 

1940 309 314 121 
1 851 502 138 
2 558 475 144 
3 273 404 149 
4 561 458 149 
5 528 502 152 
6 556 479 158 
7 423 454 167 
8 178 283 168 
9 508 316 178 

1950 200 279 193 
1 140 217 206 
2 ·276 217 212 
3 168 249 224 
4 161 181 242 
5 192 128 267 
6 44 69 324 
7 1143 254 237 
8 1711 459 219 
9 690 417 235 

196o 825 469 228 
1 693 486 228 
2 252 333 268 

Average 511 363 182 
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~" . 
TABLE 46 

WITHDRAWALS FROM WELLS ( ESTlMATED) 

Amount Rate 
Year Ac•Ft.}Yr. MGD 

BEXAR COUNTY 
:. ;. '( 

1897 32,400 29 
1934 96,100 86 
1954 207,900 186 
1956 233,600 209 

UVALDE AND MEDINA COUNTIES 

1934 3,900 3-5 
1954 26,8oo 24 
1956 76,000 68 

74. STORAGE CAPACITY.- The total capacity of the underground 
reservoir is unknown, but by use of the water budget equation 
"inflow minus outflow equals change-in-storage," the capacity of 
the recorded range of fluctuation of the water surface is indicated 
by the elevation of water in wells. Well elevations have been 
observed and recorded over practically the entire length of the under
ground reservoir and have been published by the Ground Water Branch of 
the u. s. Gelogical Survey in several bulletins. The records of well 
levels indicate that in the aquifer the water surface slopes to the 
south or southeast in the outcrop area where water table conditions 
prevail and in a more easterly direction in the artesian zone. Since 
the water surface slopes due to the nature of the underground reser
voir, it was believed that the average of the elevations of a group 
of wells spaced at intervals along the major axis of the reservoir 
should be used as a measure of the reservoir water surface. However, 
a good correlation exists between this average elevation and the 
elevation of a single well, H-26, known as the Beverly Lodges Well, 
located about 4 miles northeast of the heart of San Antonio. 
Accordingly, for simplicity in computations, the accumulated annual 
differences in recharge and discharge were plotted versus the year
end elevation of Well H-26. This correlation produced a reasonable 
check on the elevation-storage curve shown in a previous publica~ 
tion._g/ The published curve has been adopted and is shown on plate 42. 
Bulletin 6201 of the Texas Water Commission j/ offers a more refined 

2/Estimates of Future Water Levels in the Edwards Limestone Reservoir, 
- by William F. Guyton and Associates, June 1963. 

j/TWC Bulletin 6201, Recharge, Discharge, and Changes in Ground-Water 
Storage in the Edwards and Associated Limestones, San Antonio Area, 
Texas. January 1962. 



concept of capacity of the underground reservo:i.r. It divides the reser
voir, arbitrarily, into four divisions along its major axis and deter
mines inflow, outflov., ar..d storage changes for each part. The idea of 
underflow, the underground flow from one segment into the next most 
down-gradient segment, is introduced, and correlated with differences in 
elevation of the two segments as indicated by key wells in each segment. 
The accumulated annual cha.r.ges in storage within each segment are 
plotted against the elevations indicated by another key well within 
that segment. In this manner a separate elevation-capacity relation
ship is determined for each of the four portions of the reservoir. 
Because of the many routings which had to be made and the consequent 
need for a more simplified procedure, the single segment storage c·urve 
has been adopted for use in this report. 

75· DESlRED MJN1MOM RESERVOIR LEVEL.- The computed storage in 
the Edwards Reservoir is that storage between the recorded extremes 
of elevation, or some 2-l/2 million acre-feet. However, it is known 
that storage exists below the recorded low and it has been assumed in 
this report that the storage capacity below this low is about 30,000 
acre-feet per foot which simply represents an extrapolation of the 
lower part of the curve shown on plate 42. The yield of an under
ground reservoir cannot, over a long period of time, exceed the 
average annual recharge. The reservoir might be drawn down to some 
point such that no springflow· w·ould occur and the entire recharge 
thereafter would be available for pumpage. In this case, if pumpage 
never exceeded the average recharge during any part of the hydrologic 
cycle, then the dependable yield during the critical drought period 
would be the average recharge. This presumes, however, that the 
level of the reservoir is drawn down far enough that even during 
periods of exceptionally high recharge, the reservoir would not 
refill to the spring ou~lets, and consequently no springflow would 
occur. For various reasons, however, it is not desirable that the 
reservoir level be reduced to the extreme level required to develop 
the maximum pumpage. The following excerpt from a published 
report ~ is pertinent to this point: 

11 
• o o Another :factor limiting the safe yield of wells 

in the reservoir· is the presence of water of poor quality 
in the Edwards formation south and southeast of the 
Edwards Reservoir. There is apparently no barrier to 
the movement of this water into the fresh water area 
if water levels are lowered in the Edwards Reservoir 
sufficiently and the present hydraulic gradient 

~/ The Edwards Limestone Reservoir by Wm. F. Guyton and Associates, 
November 1955. 
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"is reversed. If' part of the reservoir becomes 
contaminated in this manner, it will be made 
useless as a source of fresh water in the 
future." 

It is not known to what level the reservoir would have to be 
lowered before the intrusion of the water of poor quality would 
begin. The volume of water which would move from the bad water area 
is unknown, and consequently the overall effect of the lowering of 
the water level cannot be predicted. However, it is considered that 
in view of the possible consequences of the contamination of the 
reservoir, the level should not be lowered appreciably beyond its 
historic low point. 

76. METHOD OF UNDERGROUND RESERVOlR ROUTING.- For purposes 
of analysis, the underground reservoir may be thought of as a large 
surface reservoir with several controlled and uncontrolled outlets 
at varying levels. The inflow to the reservoir is largely derived 
by seepage from streams that cross the outcrop of the aquifer in the 
macones Fault zone. The uncontrolled outflow takes place as spring
flow and the controlled outflow is in the form of pumpage. The reser
voir level fluctuates in reponse to the imbalances in inflow and out
flow in a manner somewhat similar to that of a surface reservoir. 
In order to determine the yield of the Edwards Reservoir which might 
be associated with varying levels of drawdown, routings were made 
utilizing the storage curve shown on plate 40, the inflow (recharge) 
given in table 45, the elevation-springflow relation shown on 
plate 41, and several constant pumpage rates. In view of the esti
mated nature of the inflows, the inherent inaccuracies in the 
relations between storage, springflow, and elevation, annual rather 
than monthly routings were made. Based upon the relations noted 
above, a check routing wherein historic pumpage was used indicated 
reasonably good results. 

77. RESULTS OF ROUTINGS UNDER EXISTING CONDITIONS.- A number 
of routings were made under existing conditions to determine the 
yield of the Edwards Reservoir if the pumpage were constant during 
the period 1935-1962. Plate 43 presents the computed levels for the 
Edwards Reservoir based upon constant annual pumpage rates of 
175,000 acre-feet, 234,000 acre-feet, 300,000 acre-feet, and 400,000 
acre-feet with no new upstream surface reservoirs constructed. 
Table 47 presents the computed average annual springflow and the 
low point of elevation for each of the above pumpage rates. 
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Pumpage 
(ac. ft./annum) 

175,000 
234,000 
300,000 
400,000 

TABLE 47 

COMPARISON OF THE EFFECT OF 
VARYING PUMPAGE RATES 

Average annual 
springflow (1) 
(ac. ft./annum) 

EXISTING OONDITIONS 

335,700 
292,900 
251,000 
196,000 

Elevation of 
lowest water level (2) 

(ft. msl) 

624 
612 
596 
566 

(1) Average annual springflow based on period 1935 through 1956. 
(2) Level at Well H-26 (Beverly Lodges Well). 

The above routings cover a period of record from 1935 through 1962; 
however, the period of record that is used to evaluate the differ
ences in average annual recharge, springflow, and pumpage is from 
1935 through 1956. This interval includes a period of high rain
fall and resulting runoff, and the most critical drought of record. 

78. !tmrHODS OF OPERATING SURFACE WATER RESERVOlRS FOR 
RECHARGE.- The provision of surface storage reservoirs JJ.pstream 
from the fault zone enables the storage of flood flows, which, 
because of the high rates involved, would flow across the fault 
zone. The plans of operation that were considered for the surface 
reservoirs are as follows: 

a. Releasing the yield of the reservoirs at a constant 
rate to the underground reservoir, assuring a supply even during 
the critical period. 

b. Holding the water in storage until the underground 
reservoir reaches some predetermined level and then releasing 
sufficient water to maintain the reservoir at that level. 

c. Releasing the stored water from the reservoirs at 
rates equal to or less than the recharge rates, assuring that all 
of the runoff would be introduced into the underground reservoir 
as quickly as possible following runoff. 
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79. COMPARISON OF MEm!ODS OF OPERATION.- Table 48 presents a 
comparison of the average annual pumpage and springflow from the 
Edwards Reservoir for the period 1935-1956 based upon the three 
different plans of operation. 

TABLE 48 

.COMPARISON OF THE EFFECT OF 
SELECTED OPERATION PLANS 

Average ; · . Total Elevation 

Pumpage 
(ac. ft./annum) 

234,000 

278,000 

307,000 

annual : springflow : of lowest 
Method of 
Operation 

springflow (1): and p~pag~ :water level(2) 
(ac. ft./annum:(ac. ft./annum): (ft. msl 

Existing condi-
tions 292,900 

Release depend-
able yield 271,700 

Release during 
drought period 
to maintain 612 
elevation 233,000 

Immediate re-
charge 327,800 

526,900 

549,700 

540,000 

590,800 

612 

612 

612 

612 

(1) Average annual springflow based on period 1935 through 1956. 
(2) Level at Well H-26 (Beverly Lodges Well). 

In each case, MOntell, Concan, and Sabinal Reservoirs are considered 
as the system of reservoirs modifying the natural recharge. As indi
cated in table 48, the high evaporation rate in this region prevents 
the efficient and effective recharge of the Edwards Reservoir by 
storage of floodwaters in permanent conservation pools thereby elimina
ting the first two plans listed in paragraph 78. The third method of 
operation would enable the development of maximum water resources at 
the dam sites with a minimum loss of the resources to evaporation. 
Studies were made of the effect on the underground water level of 
various systems of surface reservoirs to be constructed above the 
fault zone. The locations of the investigated surface reservoirs 
are shown on plate 4. Analyses of the bene:fi ts and costs of the 
investigated projects resulted in the recommendation of only three 
reservoirs for the modification of the recharge to the Edwards Reser
voir. These projects, which are located on plate 13, are Montell 
Reservoir on the Nueces River, Concan Reservoir on the Frio River, and 
Sabinal Reservoir on the Sabinal River. Plate 44 indicates the effect 
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on the Edwards Reservoir of this system of reservoirs by comparing 
underground reservoir levels and pumpage rates for the period 1935-
1962. Several rates of constant pumpage were used in preliminary 
routings both with and without the recharge reservoirs in the system. 
The comparison presented, however, is only for those rates of 
pumpage which, for natural and modified conditions, reprodueed the 
historic low level (elevation 612) for the underground reservoir. 
The plate indicates that under the stated conditions, the increase 
in average annual pumpage is 29,000 acre-feet. In addition, flow 
from the major springs was increased by an average of 34,900 acre
feet annually. Water levels in the underground reservoir will be 
higher with the surface reservoirs in the system for recharge 
purposes. Under the modified recharge conditions the water levels 
would range from 1 to 13 feet higher and would average 2 feet higher 
during the 1935-1956 period. Table 49 shows an estimated geographi
cal distribution of the average annual recharge under natural condi
tions and the additional average annual recharge creditable to the 
recommended plan of improvement. 
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TABLB 49 
PB!BICAL Bn'BC'l'S OP 'l'BB PLAII 

:s.tu.tei ave!:!!lo amN&l. recllarKe lac-rtJ• Average 8iiiiU8l nmoU at Dra1!!!!1o area-iiim&ted &ve1'1180 
.waa1 resources . :lower go of BdvardB outeropll: (sq. 1111.) 

ab01' lower odp of B:ldlltiDS : Mod1t1ed Increase due to : B:ldst1118 Mo41t1ed I 
strolllltll*tt IMWIU"'!! outc!:22 (ac-tt l• COD41tioDB : ecmditioDB reso1"101r E!!Jeets : coll41tiODB : coll41tiODB Total Controlled 

GUADALUPB RIVBR BASIB 

Blanco River aDd adjacent area 99,500 25,4oo 25,4oo 0 74,100 21J,200(l) 51~ 307 

Guadalupe Rl. ver 21t6,ooo 0 0 0 2l!6,ooo 7~,100(2) 1,510 l,li25 

Dry ee-l. Creek ~ ~ ~ _o_ 8,1foo 8z4oo 98 
stJBI.'CrrAL - Guadalupe River l!aB1n 3~,1foo ~5,900 45,900 0 328,500 lo6,700 

SAN AlfrOHIO RIVBR BASIB 

Cibolo Creek 58,900 51J,loo 51J,l00 0 4,800 4,800 258 

Salado Creek 24,1foo 21,1foo 24,4oo(3) 3,000(3) 3,000 0 ll8 ll8 

Leon and San Oel'OD1mo Creeks 29,300 27,6oo 27,6oo 0 1,700 1,700 152 

Medina R1 ver ~ ~ 42,700 0 6 24oo(4) 6 2~00(4) 630 613 

stJBI.'CrrAL - San Antonio River l!asin 2o6,900 145,800 148,800 3,000(3) 15,900 12,900 

BUBCBB RIVER BASIB 

Verde Creek 18,700 1~,6oo l4,6oo 0 4,100 4,100 lOS 

Hondo Creek 23,500 18,300 18,300 0 5,200 5,200 136 

Tributary areas 13,700 10,700 10,700 0 3,000 3,000 79 

Seco Creek 15,1foo 12,000 12,000 0 3,1foo 3,1foo 89 
Sabinal Rl.ver 33,900 17,6oo 33,4oo 15,800 16,300 500 21~ 210 

Blanco and Hackberry Creeks 4,100 2,100 2,100 0 2,000 2,000 26 

Little Blanco Creek 2,500 1,300 1,300 0 1,200 1,200 16 

l!'r1o Rlver 65,000 4o,ooo 61,500 21,500 25,000 3,500 432 391 
Two 'l'r1butar1es 2,700 1,700 1,700 0 1,000 1,000 18 

Dry Frio Rlver 27,000 17,100 17,100 0 9,900 9,900 14o 

Leona River 6,800 4,300 ~.300 0 2,500 2,500 35 
Deep Creek 3,500 2,200 2,200 0 1,300 1,300 18 

Rlleces River 98,700 64,4oo 91,000(5) 26,6oo(5) 34,300 3,4oo 784 TOT 
Ill41an Creek 6,4oo 4,200 4,200 0 2,200 2,200 51 
Four Tributaries 7,700 5,000 5,000 0 2,700 2,700 61 

West Rlleces River ~ 16,000 16,000 __ o 132800 132800 905 

sumar.AL - Rlleces River. l!aain ~ ~ 295.4oo(5) ~(5) ~ ~ 
'!'OrAL - Ellwarda Roservo1r Area 9'f0,700 li23,200 lt9Q,l00(3)(5) 66,900(3)(5) 4'12,300 179,300 

. 
* The annual resources, recharge and runoff (exclusive of spr1J18rlov J at the lower edge of the Mvarda outcrop are ave1'118eS for the period 1935-56. 

- The drainage area at lower edge of the Ed!IU'ds outcrop, aa indicated on plates 2 and. 3. 

r *-Location of dam sites shown on plate 13; j · n .... ~."' . .,,_ .. "" 1Dfiov ot ""·""'"""'""to Clopt1n ........... 2 Reduced by estimated net inf'l.ow of 171,~1 ac-tt/:rr to Dam llo. T - Cauyon Reservoir 11)'81:11111. 
3 Using 16 SCS detention structures on Sllla!D Creek (1962 Work Plan), tor ipereaae of 3,000 ac-tt/;rr. 
4 Does not include approx:lmately 45

4
200 ac,'t/yr ccmbined loss to evaporation aDd use for irrlption. 

5 Does not include 4,300 ac-tt/yr ( mgd) ti' be delivered to odcwnstream areas. 
I 
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EFFECTS OF PLAN ON DOWNSTREAM RESERVOIRS 

80. NUECES RIVER BASIN. 

a. The master plan prepared by the Nueces River Conserva
tion and Reclamation District includes the proposed construction of 
Concan and Sabinal Reservoirs on the Frio and Sabinal Rivers, respec
tively, for recharge of the Edwards Underground Reservoir. The 
District has indicated that these recharge projects would have only a 
negligible effect on downstream water rights. The master plan also 
recommends construction of the Tom Nunn Hill and the Cotulla Reservoirs 
and the enlargement of Wesley Seale Reservoir. It was recommended in 
the master plan that Tom Nunn Hill and Cotulla Reservoirs be constructed 
with conservation capacities of 50,000 and 300,000 acre-feet, respec
tively, and that the conservation storage capacity in the existing 
Wesley Seale Reservoir be enlarged from 300,000 to 500,000 acre-feet. 
The reservoirs included in the master plan are located on plate 1. 

b. The plan of development for the Edwards Reservoir area 
has been formulated in consonance with the improvements proposed in 
this master plan. Although Montell Reservoir is proposed in lieu of 
Tom Nunn Hill Reservoir, storage in the Montell project, with the 
channel dam and pipeline facilities included, would furnish to the 
Reclamation District the dependable yield of the Tom Nunn Hill project. 
The dependable yield for Tom Nunn Hill Reservoir has been estimated 
to be 4,300 acre-feet per year (6 second-feet). To obtain a yield of 
4,300 acre-feet per year from Montell Reservoir a net conservation 
storage of 1,000 acre-feet has been recommended. In addition, sub
stituting Montell Reservoir in the Tom Nunn Hill-cotulla-Wesley Seale 
Reservoir system for Tom Nunn Hill Reservoir would not have an adverse 
effect on the yield of Wesley Seale Reservoir. 

c. Examination of the resources of the Cotulla Reservoir 
indicates that under natural conditions the Nueces River loses large 
quantities of water to the Edwards Underground Reservoir as the stream 
crosses the outcrop of the Edwards limestone in the Balcones Fault 
zone. In addition, the river loses flow to the alluvial gravels and 
sand formations downstream from the fault zone. It is estimated that 
under existing conditions, flow occurring at the Montell Dam site at 
the rate of 14,000 acre·-feet per month would be lost in transit 
through the fault zone and the gravel and sand formations downstream 
from the fault zone, and no part of such flow would reach the Cotulla 
Reservoir. Similarly, it is estimated that under natural conditions 
a flow of 60,000 acre -feet per month at the Montell Dam site would be 
reduced to only 10,000 acre-feet at the Cotulla site. It is estimated 
that if Tom Nunn Hill Reservoir had been in operation during the 
critical drought period, 1947-1956, the September 1955 storm would 
have produced the only runoff in the upper basin during this period 
which would have reached the Cotulla Reservoir. It is es tima. ted that 
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the flow reaching Cotulla Reservoir ·would have been approximately 
16;100 acre-feet. If Mantell Reservoir were constructed in lieu of 
Tom Nunn Hill Reservoir, this flow would not have reached the Cotulla 
Reservoir. It is considered, however, that the probability of the 
recurrence of a flood of the magnitude of the September 1955 flood 
(largest for peak discharge since 1854) during some future critical 
drought period is so remote that j,t should be disregarded in estab
lishing reservoir size or yield. This flood was produced from a 
storm centered over a small area in the upper Nueces River Basin. 
If this flood were disregarded, construction of Mantell Reservoir 
in lieu of Tom Nunn Hill Reservoir would not have an adverse effect 
on the yield of either of the two downstream reservoirs as presented 
in the master plan. 

81. GUADAWPE RIVER BASIN. 

a. The plan of developnent for the Guadalupe River Ba.si.n 
is set forth in the 11Supplement to the Initial Plan of Development of 
the Guadalupe··Blanco River Authority, 11 dated May 1961. This master 
plan provides for the construction of Cloptin Crossing Reservoir, 'but 
at a smaller size than that recommended in this report. The master plan 
also provides for construction of Dam No. 7 Reservoir in case excessive 
leakage is experienced at Canyon Reservoir; however, it would provide 
less storage than the project recommended in this report. The locations 
of the reservoirs included in the master plan are shown on plate 1. 

b. Yield studies were made for the two sizes of projec~s 
at each of the Cloptin Crossing and Dam No. 7 Reservoir sites and for 
Canyon and Cuero Reservoirs. These studies indicated that the criti~· 
cal drought period at each of the above reservoirs occurred during the 
period from June 1947 through February 1957. During this period ther~ 
would be no reservoir spills from the C1optin Crossing and Dam No. 7 
projects as recommended in the master plan and, consequently~ the 
increase in size of the upstream projects could not decrease the in
flow to Cuero Reservoir during its critical period. For this reason 
the yield of the Cuero Reservoir as presented in the master plan would 
not be affected by the increase in the conservation capacity of the 
Cloptin Crossing and Dam No. 7 Reservoirs as recommended in this 
report. 

c. If the Montell, Concan, and Sabinal Reservoirs in the 
Nueces River Basin were constructed and operated to recharge the 
Edwards Underground Reservoir, and if the plan were adopted to limit 
the pumping from the aquifer to 263,000 acre-feet per year, the addi
tional springf'low from the Comal, Hue co, and San Marcos Springs in 
the Guadalupe River Basin would increase the resources of Cuero 
Reservoir by about 17,600 acre-feet annually. 
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HYDRAULIC DESIGN 

82. GENERAL.- A study was made of the Edwards Underground 
Reservoir watershed to determine the hydraulic characteristics under 
existing condi tiona 1 and for various plans of improvement ~hich would 
alleviate flooding and increase ground water recharge and water con~ 
servation. · 

83. WATER-SURFACE PROFILES .. EXISTING CONDITIONS.- Backwater 
studies of selected water courses in the survey area were'made to 
establish water-surface profiles, 1imi ts of flooding, and· channel 
capacities under existing condi tiona. The backwater computations 
were based on the Manning formula in accordance witli paragraph 10 of 
EM 1110-2-1409, 7' Dec :J-9~9; ,using coefficients. of roUghness; n,~~ of 
0.035 to 0.050 for the existing channels and 0.060 to 0.100 for the 
existing overbanks. The studies· were correlated with high-water data 
and stream-gaging station records. Plates 45 through 52 show the 
profiles of the major rivers and creeks in the Edwards area and their 
historical high-water profiles' 'Which are based on high-water marks' 
stream-gaging records, and available historical information. 

84. PLAN OF IMPROVEMENT.- Possible damsites, individually and 
in conjunction with other sites, and related pipeline distribution 
systems vere investigated. The recommended plan of improvement would 
consist of two multiple-purpose reservoirs, Mbntell and Cloptin Cross
ing; two· recharge and flood-control reservoirs, Concan and Sabinal, 
to be constructed by the Federal Government, and one conservation
only reservoir, Dam No. 7, to be constructed by local interests. 
Also in conjunction w1 th Montell Dam, there would be a channel dam 
and pipeline to convey low-flow discharges from Montell Reservoir 
across a downstream loss zone. 

85. MONTELL DAM-SPILLWAY.- The Montell Dam would be located 
on the Nueces River at river mile 401.6, With the spillway in the 
left bank. The spillway vould consist of a 960-foot uncontrolled 
broadcrested weir with crest at elevation 1331.0. Details of the 
dam and spillway are shown on plate 53. Under condi tiona of the 
spillway design discharge (570,600 second-feet), the reservoir would 
be at elevation 1366.0~ The spillway rating curve, adjusted for ap
proach losses, is shown on figure 2, plate 54. 

86. MONTELL DAM-ouTLET WORKS.- The flood-control outlet works 
would consist of a 15 -foot diameter conduit controlled by three 
5-foot, 8-inch by 12-foot tractor-type gates. The conduit would be 
located in the main embanlanent, with inlet invert at elevation 1216.0 
and outlet invert at elevation 1214.0, as shown on plate 53· The 
outlet works would be used for diversion during construction, for the 
passage of flood releases, and f'or the passage of low-flow discharges. 
The capacity of the conduit with the reservoir'water surface level at 
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top of conservation pool, elevation 1237.0, and at maximum design water ~ 

surface, elevation 1366.0, would be about 3,400 second-feet and 10,400 
second-feet, respectively. FigUre l 1 plate 54 shows the rating curve 
for the:outl~t works. 

87. MONTELL DAM - TAILWATER RATING CURVE.- The tailwa ter rating 
curve at the Montell Dam site is shown on figure 3, plate 54. This 
rating curve was developed by slope-area computations at the dam site. 

88. CONCAN DAM - SPILLWAY.- The Concan Dam would be located on 
the Frio River at river mile 226.21 with the spillway in a saddle on 
the right bank. The spillway would consist of a 11 030-foot uncon
trolled broadcrested weir with crest at elevation 1366.5. Details of 
the dam and spillway are shown on plate 55· Under conditions of the 
spillway design discharge {4251 300 second-feet), the reservoir would 
be at elevation 1394.2. The spillway rating curve, adjusted for ap
proach. losses, is shown on figure 2, plate 56. 

89. CONCAN DAM - OUTLET WORKS.- The outlet works would consist 
of a 13-foot diameter conduit controlled by two 6-foot by 13-foot 
tractor-type gates. The conduit would be located in the main embank
ment, with inlet invert at elevation 124o.o and outlet invert at ele
vation 1238.0, as shown on plate 55. The outlet works would be used 
for diversion during construction and for passage of flood-control 
releases. The capacity of the conduit with reservoir water surface 
level at spillway crest, elevation 1366.5, and at maximum design water 
surface, elevation 1394.2, would be about 8,ooo second-feet and 7,700 
second-feet, respectively. The outlet works rating curve is shown on 
figure 1, plate 56. 

90. CONCAN DAM - TAILWATER RATING CURVE.- The tailwater rating 
curve at the damsite is shown on figure 3, plate 56. The tailwater 
rating curve was developed by backwater methods from the u. s. Geo
logical Survey stream-gaging station Number 081950 on the Frio River 
at Concan, Texas, 2.1 miles downstream from the dam site, and extended 
by slope-area co~tations to encompass the spillway design discharge. 

91. SABINAL DAM - SPILnlAY.- The Sabinal Dam would be located 
on the Sabinal River at river mile 42.3, with a gated spillway ad
jacent to the river channel. The spillway would consist of a 240-
foot ogee weir with crest at elevation ll96.5, controlled by six 4o
by 30-foot tainter gates separated by five 8-foot piers. Details of 
the dam and spillway are shown on plate 57. Under condi tiona of the 
spillway design discharge {270,600 second-feet), the reservoir water 
surface level would be at elevation 1238.8. Figure 2, plate 58 
shows the rating curve for the spillway. 

92. SABINAL DAM - OUTLEr WORKS.- The outlet works would con
sist of two 3-foot by 6-foot conduits located in two gate piers. 
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Each conduit would have intake invert at elevation 1130.0 and would 
be controlled by ~ .. 3~foo't~ b;y ·6~foot:'.slid~ :p~ as shown on plate 57. 
The outlet works would be used for diversion during construction 
and for passage of flood-control releases. The total capacity of 
the outlet works with reservoir water surface level at spillway 
crest, elevation ll96.5, and at maximum design water surface, ele
vation 1238.8, would.be about 11 420 second-feet and 1,850 second
feet, respectively. The outlet works rating curves are shown on 
figure 1 1 plate 58. 

93. SABINAL DAM - TAILWATER RATING CURVE.- The tailva ter 
rating curve at the dam site is shown on figure 31 plate 58. This 
rating curve is based on the rating curve developed for the U. s. 
Geological Survey stream-gaging station Number 081980 on the 
Sabinal River near Sabinal, Texas, in the vicinity of the dam site. 

94. CIDPI'IN CROSSING DAM - SPILLWAY.- The Cloptin Crossi~ 
Dam would be located on the Blanco River at river mile 32.5, with the 
spillway in a saddle on the left bank. The spillway would consist 
of a 760-foot uncontrolled broadcrested weir with crest at elevation 
998.0. Details of the dam and spillway are shown on plate 59· 
Under conditions of the spillway design discharge (187,200 second
feet), the reservoir would be at elevation 1017.5. The spillway 
rating curve, adjusted for approach losses, is shown on figure 2, 
plate 60. 

95· CIDPTIN CROSSING DAM -OUTLET WORKS.- The flood-control 
outlet works would consist of a 13-foot diameter conduit controlled 
by two 6-foot by 13-foot tractor type gates. The conduit would be 
located in the main embanlanent, with inlet invert at elevation 
855.0 and outlet invert at elevation 852.01 as shown on plate 59. 
The outlet works would be used for diversion during construction~ 
for the ]essage of flood releases, and for the passage of low~flow 
discharges. The capacity of the conduit with reservoir water sur
face at top of conservation pool, elevation 980.5, and at maximum 
design water surface, elevation 1017.5, would be about 8,100 
second-feet and 91 200 second-feet respectively. Figure 1, plate 60 
shows the rating curve for the outlet works. 

96. CIDPTIN CROSSING DAM - TAILWATER RATING CURVE.- The tail
water rating curve at the dam site is shown on figure 3, plate 60. · 
This rating curve was developed by backwater methods from the 
u. S~ Geological Survey stream-gaging station Number 081710 on the 
Blanco River at Wimberley, Texas, 2.5 miles downstream from the dam 
site. Results of the backwater study were correlated with observed 
flood flow data. 

97. CHANNEL DAM AND PIPELINE.- A pipeline for conveying· con
servation water across an infiltration loss zone existing in the 

II .. 255· 



Nueces River channel from about river mile 386.5 to 377·3 would be 
constructed adjacent to the river channel downStream from Montell 
Reservoir. The pipeline would have gravity flow and would consist of 
24-inch diameter concrete pipe with an average grade of about 0.3 
percent. A low channel dam would be constructed at Nueces River 
mile 387.0 to establish the necessar,y entrance conditions for the 
conduit. The pipeline would be about 8.5 miles long and would dis
charge back into the Nueces River channel at about river mile 376 .. 5. 
The capa.ci ty of the pipeline would be from 6 to 12 second-feet and 
the average velocity in the conduit would be about 4 feet per 
second. The details for this pipeline are shown on plate 61. 

II-256 
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SURVEY·REPORT 
ON 

EDWARDS UNDERGROUND RESERVOIR 
GUADALUPE, SAN ANTONIO AND NUECES RIVERS 

AND TRIBUTARIES, TEXAS 

APPENDIX. rv 

FLOOD CONTROL ECONOMICS 

1. SCOPE.- This appendix is devoted to the evaluation of flood
control benefits which would accrue through operation of the proposed 
improvements in the Edwards Underground Reservoir area to determine 
whether flood control could be added as a justified increment. This 
appendix presents the flood problems; the area subject to flooding; 
tables of values, damages, and benefits; and description of the 
methods used to deter.mine average annual flood damages. 

2. FLOOD PROBLEMS.- The principal river basins partially 
contained in the Edwards Underground Reservoir area are the Guadalupe, 
the San Antonio, and the Nueces :Basins. While there is lmown to be a 
definite flood problem in all these basins, only those portions of the 
basins which would be influenced by projects in the Edwards Underground 
Reservoir area have been considered to be within the scope of this 
report. In the Nueces River Basin, the portion studied includes the 
Nueces River below the Montell site, the Frio River below the Concan 
site, the Sabinal River below the Sabinal site, Hondo Creek below 
Hondo site, and Seco Creek below Seco site. In the Guadalupe River 
Basin, the portion studied includes the Guadalupe River below the 
Cloptin Crossing site. It has been determined that no flood control 
projects can be justified at this time for the San Antonio River Basin 
within the Edwards Underground Reservoir area. 

3. In the Nueces River Basin, agricultural damages account for 
approximately 73 percent of the total flood damages in the portion of 
the flood plain studied in this report. The urban damages, which 
occur at the city of Crystal City on the Nueces River, the city of 
Three Rivers on the Nueces and Frio Rivers, and the city of D'Hanis on 
Seco Creek, account for about 3 percent of the total damages. The 
remaining 24 percent of the total losses is due principally to damages 
to transportation facilities, plus some damages to utilities and rural 
nonagricultural installations. The principal crops grown in the flood 
plain of the Nueces Basin consist of winter vegetables, cotton, grain 
sorghums, corn, and hay, with a considerable acreage in improved 
pasture. 

4. In the Guadalupe River Basin, agricultural damages account 
for approximately 71 percent of the total flood damages in the portion 
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of the flood plain studied in· this· report. The urban damages, which 
occur at the city of San Marcos on the .San Marcos and Blanco Rivers 
and the cities of Gonzales and Victoria on the. Guadalupe River, acc.ount 
for about 15 percent of the total ~ges. The remainiDg 14 percent of 
the total losses is due principally to damages to transportation 
facilities 1 utili ties, and the rural nonagricultural property. The 
principal crops grown in the flood plain of· the GuadalUpe Basin consist 
of cotton, grain sorghums, corn, wheat, oats, and hay, with a consider
able acreage in improved pasture. · 

5· AREA SUBJECT TO FLOODING.- The flood plain areas investigated 
in detail for the preparation of this report consist of areas subject 
to overflow from the maximum f'lood of record under the condi tiona as 
modified by existing improvements in the Guadalupe and Nueces River 
Basins. The proposed Cuero Dam (Stage II) has also been ~sumed to be 
in operation on the Guadalupe River. The limits of tbe·areas investi
gated are shown on tables 1 and 2. 

6. CHARACTER OF FLOOD PLAIN' AREAS.- ·The. flood plain ·areas 
investigated total 692,715 acres, 151,441 acres of,which are in the 
Guadalupe River Basin and 535,274 acres in the Nueces River Basin. Of 
this total acrea·ge, 2,590 acres are urban·, suburban, or rural develop
ment, 1,184 acres in the Guadalupe River Basin and 1,4o6 acres in the 
Nueces River Basin. The acreage and classification for each reach of 
the Guadalupe River Basin are shown in table 1, and the corresponding 
data for the Nueces River Basin in table 2. 

1· ·DETERMINATION OF VALUES ·AND DAMAGES._; In 1959, a field 
reconnaissance was made of the Nueces River· Basin in connection with 
the preparation of the report by :the u. S. Study Conunission-Texas. 
This reconnaissance and the resulting office ~udies were for the 
purpose of updating flood-damage data previoUsly obtained for the 
entire Nueces River Basin. In 1963, ne~.econamic field surveys were 
conducted along the reaches immediately downstream from the reservoir 
sites investigated in the Edwards Underground Reservoir study. In 
1959, an economic field survey was made of the Guadalupe River down-
. stream from Canyon Dam in connection with a study of the Cuero 
(Stage II) site made at the request of the u. s. Bureau of Reclamation. 
In 1963,· a detailed economic field survey was made of' the Blanco River 
below the Cloptin Crossing Dam site and a reconnaissance was made of 
the San Marcos River and the Guadalupe River between the Comfort Site 
and Canyon Reservoir for the purpose of updating data available from 
previous economic surveys. During the ecopoinic field surveys outlined 
above, county agricultural agents and farmers were interviewed in order 
to obtain crop schedules and estimates.of yield. Also, local govern
mental officials; state highway officials; officials of railroads, 
businesses, and industries;· and other .local residents were interviewed 
to obtain information on property values and experienced or potential . . . . 
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'l'AHLE 1 

LfuiD ARE/ill Ii~ FLOCJJ) ?LAI!l - GlJiJJAW.FE RrJI;R DASTI~ 

Urban, 
Agricultural Suburban 

Improvec1 : Unim!?roved and Rural 
River Mile grn.zing : Development Toto.l 

Utream Reach From To 

Guadalupe River 1 o.o 37.8 4,335 ~-0,922 1~5 ,25'{ 
L-2 3~{ .8 64.4 10,1~yo 9,0o8 (Victoria) lt:3 19,G21 
U-2 64.4 107-2 1S,691 6,'(13 (Cureo) 238 22,642 

3A-l 107.2 110.9 he:; 1,155 1,558 
3A-2 110.9 u8.2 ) ( 

3B 118.2 152.2 ) Inundated by <-uero Hezcrvoir ( 
4A 152.2 165.0 ) ( 
~-B 165.0 180.5 4,54'r 2,6s.~ 96 rr ,341 
5 18o.s 303.0 11,998 9,694 21,692 ,. 

·303.0 332.6 ) Inundated by canyon Reservoir { 0 

~ L-7A 332.6 351.1 173 1,296 1,469 
I L-TD 351.1 376.0 731 2,o·rs 2,8o6 w 

L-7C 376.0 402.8 3z326 228o3 47 6z176 
Total Guadalupe Hi ver 51,6yh 76,364 sOl~ 128,562 

3a.n 1-brcos River 1 2.1 5.4 921 618 1,539 
2 5.4 31.9 7,780 2:736 10,566 
3 31.9 74.2 7,39ts 1~:283 14 11,695 
4 '(h.2 79·5 1138 88 401 677 

Total ::>an I b.rcos River 16,2a·r r{ I 775 415 24,477 

Blanco River 1 o.o 21.7 l,HJ6 859 ~;~08 2,253 
") 21.7 32·5 1 JOO 

~ 
358 '-

Total 13l.c.nco Hiver 1,1trr 1,159 2,611 

Sundies Creek 1 1.8 6.'7 
,..., ..... ~ 
u-_•0 911 12721 

HASH! 'fOTAf .. ·ro,o4b 36,20~ 1,184 157,441 



~ ~ 
TABLE 2 

WID AREAS Il'l FLOOD PLAll'l - l'RJECES RrJER BASIN 

. Urban, . 
Agricultural : Suburban 

Improved :Unimproved: and Rural 
River t.U.le grazing :Development: Total 

Stream Reach From To (acres} (acres} (acres} (acres} 
Nueces River rn 38o.o 402.6 544 6,826 7,370 

lA 369.6 380.0 476 5,100 5,576 
1-1 357-0 369.6 1,683 5,147 6,830 
1-2 339-7 357-0 3,285 7,814 11,099 
1-3 307.0 339·7 24,502 24,173 206 48,881 
1-4 273-0 307.0 23,106 23,107 46,213 
2 250.2 273-0 2,96o 26,293 29,253 
3 197-1 250.2 12,436 22,968 35,4o4 
4 105-5 197.1 9,698 78,615 88,313 

5&5A . 47.6 105.5 20,'702 14,944 1~60 36,106 

!<! 
6 o.o 47.6 14~,J48 22 27J5 372083 

IJ.'ota1 rrueces .Hi ver 113,740 237,722 666 352,128 
I 

VI 

Frio River lA 172-3 226.4 2,705 5,651 8,356 
lB 11~4.2 172-3 ~( ,435 18,243 25,678 
2 109-3 144.2 7,983 26,664 34,647 
3 98-1 109·3 1,226 6,211 7,437 
4 60.6 98.1 4,928 24,084 29,012 
5 o.o 60.6 12~,192 242619 --lli 36~,959 

'l'ota.l Frio Hiver 36,472 105,472 5 142,089 

Sabinal River 1 2.9 42.~2 2,025 5,16o 7,185 

Hondo Creel: 1 2-3 11~.) 2,521 5,507 8,028 
2 14.9 67.1 12661 ~ 2 77h 2z4~2 

Total Hondo ()reel~ 4 ,lii2 9,281 13,463 

Jeco Creek 1 1.65 20.1 58'( 5,081 5,668 
2 20.1 hl.O 6,521 5,821 595 12,93'( 
3 41.0 56.8 12h 12620 lz8o4 

~tal Jeco Creek '( 2:?02 12z222 2;22 20 1409 

:.l:"•,Jili ~"f"l' • .fJ lt)j,.:.i~)l 3"i'O,!_d { 1,1~06 535 ,2'7h 



flood damages. 

8. VA;LUE OF. PHYSICAL PROPERTY Dr THE FLOOD PLADrS.- The total 
value of the physical property in the flood plain reaches as con
sidered herein is estimated at about $230,076,600, of which 
$128,841,500 is in the Guadalupe River Basin and $101,235,100 is in 
the Nueces River Basin. These valuations are summar~zed in tables 3 
and 4. 

9· DAMAGES FROM MAXIMUM FLOODS OF RECORD.- The total damages 
that would be caused by a recurrence of the maximum flood in each of 
the various reaches considered in this report have been estimated at 
$19,244,100, of which $4,833,800 is in the Guadalupe River Basin and 
$14,410,300 is in the Nueces River Basin. These dama~s.are based on 
July 1964 price levels and 1964 conditions of development. Tables 5 
and 6 show these damages by reaches and by principal property classi
fication. 

10. DETERMINATIQN OF AVERAGE ANNUAL DAMAGES.- Fbr each flood 
plain reach, discharge-damage curves and discharge~frequency curves 
were developed. From these curves a computation of average annual 
dama~s was made, Figures 1, 2, and 3 of this appendix show a 
discharge-frequency curve, a discharge-damage curve, and computations 
of average annual damages, respectively, for river reach 1 - 3 a 
typical reach on the Nueces River. These curves and computations, 
together with the following discussfon, are furnished as being repre
sentative of the methods used to determine the average annual damages 
for the investigated reaches of the Edwards Underground Reservoir 
area. By use of rainfall rec~rds, stream gage records, synthetic unit 
hydrographs, and historical flood information in the form of high 
water· marks and other data furnished by local interests and observed 
by personnel of the Fbrt Worth District, relationships between 
discharge and frequency were developed as shown by the discharge
frequency curve, figure l, The flood damage data obtained through an 
economic survey in the field during 1963 formed the basis for con
structing the discharge-damage curves. Relationships between discharge 
and acres of'land flooded were established for the flood plain_areas. 
Unit-crop damages were then applied to the acreage of improved land in
undated by each flood of record, the amount of damages depending upon 
the crop value and the probability of floods occurring in the various 
seasons of the year. Damages to agricultural property other than crops 
were computed in a oimilar manner, except that it was not necessary to 
give consideration to the· season of the year. Fbr transportation facil
ities, utilities, and urban damages, discharge versus dama~ relation
ships '\-rere employed for estimating damages from the various flood 
magnitudes. All of these data were then utilized to construct 
discharge-damage curves as shown by figure 2. By use of the discharge
frequency and discharge-dama~ c~rves, average annual damages were then 
computed for the various types of damage under existing and proposed 
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conditions of modification, the difference representing the damages pre
vented. The procedures outlined above lTere repeated on each given reach 
for each condition of modification being studied in order to determine 
the damages that would be prevented by each improvement having a 
potential effect on that reach. 

11. APPLICATION OF ECONOMIC INDICATORS.- The economic base study 
presented in appendix V established indicators and trends of future 
development for the base study area. In order to apply these indica
tors to flood control, it \las necessary to select the indicators 
pertinent to the different property classifications and to modifY the 
indicators for use in the various reaches under study. Inspection of 
the damages under existing conditions disclosed that damages to agri
cultural property and crops constitute the major portion of the 
damages, 1-rith lesser damage to rural nonagricultural property and 
damage to urban and suburban property in four reaches. The indicators 
selected for the property classifications are as follows: Agricultural 
development; value of farm products sold and population; nonagricultural 
development; population, value of mineral production, retail sales, 
bank deposits 1 and disposable personal income; urban and suburban 
development; urban population, value added by manufacture, new con
struction, retail sales, bank deposits and disposable income. 

12. Projection of the selected indicators was constructed for 
each of the reaches under study. The values of retail sales and bank 
deposits were estimated by relationship with personal income. 

13. The difficulty in determining the proportion of the damages 
affected by each development factor vras circumvented by deriving a 
proxy indicator which could be used in connection 1-1i th the value of 
each category. The proxy indicators were computed as follolrs: 

a. The values of the proxy indicators for the year 1975, 
2000, and 2025 1-rere found by computing the geometric mean of the 
:factors of increase of the individual indicators lThich were selected 
for use with each property classification. The computed factors define 
the development curve to year 2025. 

b. The increase in the factors from year 2025 to 2050 and 
from 2025 to 2075 are assumed to be the same as the increases in the 
factors from 2000 to 2025 and from 1975 to 2025, respectively, in order 
to define the final 50 years of the development curve. The completed 
development curve closely approximates a normal grollth curve. 

c. Since the damage computations are based on 1964 con
ditions the factors of increase are reduced by the value for 1964, 
which is read from the curve in order to achieve factors of increase 
with 1964 equal to one. An annual equivalent factor is then computed 
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TABI2 3 

SlJI.u·IARY OF VALUE OF PHYSICAL PROPt<;RTY IH THE FLCOD PLAITl - GUADALUPE RIVF.R BAf;I!! 
(196if PniC:E Ll!!'.'ELS - 1961~ CO!'TDI'riOI·rS 0~·· .JE1.fl.~L0PI·31'!7) 

: Rural Non- . Urban and . 
:Agr:: ~ultural :Agricultural :'1)-a.nsportntion: Suburban 

Stream Reach Property : Property Facilities Utilities Property Total 

Guadal.upe River 1 :j; 3,011,400 :ji 102,6o0 :;; 2, ~(76, 100 :~ 3,086,000 ~; 8 9, 776,100 
2 6,465,300 1,392,900 4,839,500 988,300 29,141,500 42,827,500 

3A-1 167,200 730,800 48,500 21,8o0 968,300 
3A-2 ) 

3B ) Inundated by Cuero Reservoir 
4A ) 
4D 1_.?.65,900 681,200 122,000 2,224,800 4,293,900 

5 2,6991 6oO 28,876,900 4,830,')00 120,800 2,713,700 39,241,900 
6 Inundated by Canyon Heservoir 

L-7A 1h5,6oO 11,200 7'(0,300 Boo 927,900 
L-~(B 312,500 28,400 34o,900 
L-7C 831z4oO 13z400 2z018zOOO 70z200 10lz500 3z034z500 

Total Guadalupe River 14,898,900 31,127,800 15,992,900 5,209,900 34,181,500 101,4ll,OOO 

San 1-fercos River 1 262,8o0 674,700 11,100 948,600 
'2 2,024,800 186,100 249,000 6,900 2,466,8oo 
3 2,115,900 1,182,900 2,092,700 56,700 62,200 5,510,400 
h 61 2200 121 1600 ~ 1 001 2 200 31t2z6oO 10 1331 1800 13 28671400 

Total :.ion t-1o.rcos River h,h70,700 1,49(),600 ,017,600 1~~~0,300 10,394,ooo 22,793,200 

Blanco Hi ver 1 1112,300 150,100 2,019,~~00 215,6o0 009,500 3,606,700 
2 lDz. ~)uu 338z.SOO ll2z.OOO h2 )00 473z.g§O 

Tota.1 BL.'UlCO River h30,500 488 •)QQ 2,131,~~0 220,500 809,500 ,_ 4,o80, o 

Sandies Crec!t 1 28?z.10U ~)5bz.50C 11,100 556,700 

PJJ\BII'i TOI'AL ::>20' 089,200 ;,;33,10T ,300 .,;2h' 3:J8, 200 ·:i5, 0::::1, Doo .)15, 385, ooo ;!;123,81:.1,500 
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3Ur.I!MHY OF ·~:~.wE OF HiYJICAL PROPERTY IE 'l'liE FWOl> P.LAIE - l!UECE3 HIVER BAJIH 
~1964 PRICE LEVElS - 1964 COiil.HTIOWJ OF DEVELO!l-lEilT) 

Rural Non- :Urb::m and 
: Agricultural: Agricul turo.l :Transportation: :SUburban 

Stream Reach Fropertl Pro~rtl Facilities Utilities :Pro~rtl Total 

Hueces River l.B :,; 948,500 ... ;; 255,6o0 $ J.O,OOO "' ~ 1,214,100 .,. '!' 

lA 732,700 2,1hh,300 151,500 3,028,500 
1-1 765,200 ;.125,000 6,000 1,696,200 
1-2 1,323,800 Go,500 3,000 1,392,300 
1-3 9,240,900 690,000 1,819,500 198,6oo 1,006,000 12,955,000 
1-4 8,780,400 493,900 293,800 33,000 9,6ol,100 

2 3,056,1~00 33,3oo 3,095,200 
3 3,250,Go0 409,000 436,'{00 ;.~5,800 4,172,100 
4 ),'(32,900 ;~51,200 1,016,000 222,100 7.222,200 

5t~5A 3,:~)8,100 6,446,300 3,1"{7' 300 402,500 6,029,'{00 19,353,~00 

u hz2U2zhCIO '(8~( 2800 2 2 ;)80 2 ~00 ~~Jz400 8zl~O~z200 

~ 
'.rotal Hueces Hiver hl,hlu,;JOO 9,078,200 13,1')7, 00 1,\05,900 7,035,700 72,13 ,500 

I ..... Frio River l.A 9)9,900 30,000 ~(]9,400 13,500 1,742,800 1-' 
r· 2,409,GOO 295,000 14,000 2,718,6oo 
r, 4,0~(9,400 559,000 35,400 4,673,8oo •-
3 '(8<.1,100 788,100 
4 2,347,900 381,500 6,400 2,735,800 
5 227572Go0 246z300 1912000 1122800 940 2000 42247zh§g 

Total Frio Ri. ver 13,342,500 276,300 2,165,900 182,100 940,000 16,906, 

Jabirw.l lEver l ~61,300 236,000 11~,ooo 913,300 

Hondo (,rcclc l 1,030,200 204,000 6,000 1,2h0,200 
'-! 6~6 2 l~oo 5'{7 1000 101000 122hJ 24oo 

Total Hondo Creek 1,6 6,6oo 731,000 16,ooo 2,483,600 

Seco Creelc 1 37l,hOO 31,000 l,hoo 403,800 
2 l,·rho,8oo 2,127 ,-roo 66,200 3,So8,!~oo 7,d03,100 
3 1.15 2800 230z~W 151 2 ~~0 l2.z000 - 5892;0 

'l'o~~l 3eco Grecic 2,3o8,ooo :~30,300 2,310,500 19,ooo ... '' o 1oo ::>,0..; ,.~ 8,79o,-o 

. ~AoE.. '.~'O'.:.'AL .. -·5>',::::.), wo .:.___., :;iGh, :;uo .au ,·.))3, :XlO .,;1, o9'i, . .Joo )11,844,100 .~101,235 ,ouo 
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DAHAGEci FHOH HAiCD4Ui•i FLOOD OF 11ECORD U!ll.>3Jt l'HE3EIJ'l' U~rATE OF lJEVELOl1-tENT 
GUADALUPE RIVrm BASm 

(1964 Price Levels) 

Year of Estimated Pnmases 
Stream Reach Maximwn ;Elood ~ricultural Uona13ricultural Total 

Guadalupe River 1 193G .. 101,200 .. 1,900 . .. 103,100 •:> •:) .p 

2 1936 323,000 106,600 429,600 
3A-l 1936 liD liD ND 
3A-2 (Inundated by Cuero Reservoir) 

3D (Inundated by Cuero Reservoir) 
4A (Inundated by Cuero Reservoir) 
l~B 192S1 319,700 340,700 66o,40o 
L-5 1913 414,700 285,900 100,6oo 
U-5 1935 liD riD liD 

6 ( nundated by Ccnyon Reservoir) 

~ 
L-7A 1932 10,300 39,800 50,100 
L-713 1932 36,200 3,300 39,500 

I L-7C 1932 120 28oO 722100 2222900 .... 
l.tJ 

Total GuadalU!'e ru.ver 1,355,900 850,300 2,206,200 

San loiarcos Ri. ver 1 1929 ~8,300 1'( ,500 65,800 
2 1929 526,500 145,900 672,400 
3 1929 555,200 21,500 576,700 
4 1921 12 1700 1 100616oO 110221 300 

Toto.l Jan a~rcos River 1,145,700 1,191,500 2,337,200 

Dlanco Hiver 1 1)29 82,400 123,100 205,500 
2 19'29 2.z900 82.z000 84.z900 

Total m.anco Hiver 85,300 205,100 290,400 

~dies Creek 1 1936 ND liD liD 

TOTAL INVESTIGATED ::!,586,900 2,2h6,~)00 4,833,800 
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'rABLE 6 

DAMAGES ~'ROM MAXD.rul4 FLOOD OF RECORD UHDEH PRESEHT b'TATE OF DEVELOPMErfi' 
NUECES RIVER BASIN 
( 1964 Price Levels} 

Year of Estimated Damages 
Stream Reach Maximwn Flood : Agricultural Nonagricultural Total 

Nueces River lB 1955 :" 165,8o0 ,. 39,100 ... 204,900 'I' ;p 

lA 1935 94,900 1,971,500 2,o66,4oo 
l.-1 1935 149,900 h30,000 579,900 
1-2 1935 224,900 7,300 232,200 
1-3 1935 2,132,900 542,100 2,675,000 
1-4 1935 1,715,000 259,500 1,974,500 
2 1935 1o8,100 8,500 116,600 
3 1935 4o5,6oo 132,300 537,900 
4 1935 110,100 207,200 317,300 

5&5A 1919 459,200 634,200 l,093,4oO 
6 1919 1722400 88&700 2641100 

Total Nueces River 5,741,800 4,320,400 10,062,200 
~ 

Frio Hiver 1932 128,8oo 43,000 171,8oo I lA .... 
V1 lB 1932 478,8oo 74,000 552,8o0 

2 1932 152,4oO 128,300 28o,700 
3 1932 23,4oO 23,4o0 
4 1932 66,000 114,500 18o,500 
5 1958 1;.zaoo 1261200 22~1 JOO 

Total Frio River 9 ,200 516,300 1,50 ,500 

Sabinal Hiver 1 1958 114,200 26,500 140,700 

Honclo Creek 1 1935 156,800 25,000 181,8oO 
2 1958 10~2200 401000 1~2 ?00 Total Hondo Creek 2o,OOO 65,000 3 ,ooo 

Seco Creek 1 1935 163,500 9,900 173,4o0 
2 1935 923,700 1,023,8o0 1,947,500 
3 1935 2112400 4Jz6oO 222zOOO 

~otal Seco Creek 1,298,600 1,077,,300 2,375,900 

. T<Yl'AL I!!VE3TIGATEL> :J, hoi~, Boo 6,005,500 14,410,300 
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using an annual rate of 3-1/8 percent interest. 

14. A typiqal computation of annual equivalent factors is shown 
in table 7· · The factors of increase of the individual indicators and 
of the p~oxy indicators for Reach ... 6 of the Nueces River are also given 
in tab;Le 7. The annual equivalent factors used for converting the: 
average annual flood damages which are based on development existing 
in 1964 into average annual damages during the 100-year period of 
analysis are also shown. The annual equivalent factors for the stream 
reaches~studied in this ·report are factors weighted according to 
property_classifications and are shown in the following tabulation: 

WEIGHTED DEVELOPlo!ENT FACTORS - FLOOD CONTROL 

Stream 

Guadalupe River 

San Marcos River 

Blanco River 

Sandies-Creek 
tlueces River 

. ~ . 

Reach 

1 
L-2 
U-2 

3A-l 
"3A-2 
3B 
4A 
4B 
5 
6 

L-7A 
L-7B 
L-7C 

1 
2 
3 
4 
1 
2 
1 
lB· 
lA 
1-1 
1-2 
1-3 
1-4 
2 
3 
4 

5 & 5A 
6 

IV-23 

Average Annual Factor 
1975 - 2075 

2.37 
2.37 
2. 37. 
1.91 

--·(1) 
--(1) 
--(1) 

1-91" 
2.21" 
--(2) 

2-99 
2-99 
2-99 
1.91 
1.91 
1.91 

- 2.56 
2.56 
2.56 
1.91 
2.49 
3-20 
3.22 
2.70 
2-55 
2.51 
2.17 
·2.18 
2.08: 
2.20 
2.13 



WEIGHTED DEVELOPMENT FACTORS - FLOOD CONTROL (Continued) 

Stream 

Frio River 

Sabinal River 
Hondo Creek 

Seco Creek 

Reach 

lA 
lB 
2 
3 
4 
5 
1 
1 
2 
1 
2 
3 

Average Annual Factor 
1975 - 2075 

2.71 
2.46 
2.36 
2.21 
2.17 
2.06 
2-53 
2.20 
2.89 
2.24 
3-09 
2.44 

(1) Inundated by proposed Cuero Stage II Reservoir 
(2) Inundated by Canyon Reservoir;· 

15. BENEFITS DUE TO PREVENTION OF DAMAGES.- The average annual 
damages due to flooding were co~uted using the procedures outlined in 
paragraph 10 of this appendix. The co~utations for the Guadalupe 
River were based on conditions "\-thich ''~OUld exist with the effect of the 
existing Canyon Reservoir and the proposed Cuero Stage II Reservoir in 
operation. The computations for the Nueces River do not consider any 
existing flood-control projects. In each case, these are referred to 
as existing conditions. Similar computations were then made based on 
conditions which •rould exist after construction of each of the pro
posed improvements. By deduction, the average annual benefits based . 
on 1964 conditions of flood plain development were found. The benefits 
thus computed were converted to the average annual benefits for the 
period from 1975 to 2075 by applying the development factors tabulated 
in paragraph 14. Fbr the purposes of project formulation, benefits 
uere computed for each project considered alone, and for various 
project sizes. The benefits are presented in appendix I, Project 
Fbr.mulation. The benefits attributable to the recommended projects 
are presented in this appendix. Tables 8 and 9 give the average annual 
damages under existing conditions and under conditions of modification 
by the proposed plan of improvement, and the resulting benefits due to 
prevention-of damages, based on 1964 conditions of flood plain develop
ment, for the Guadalupe and Nueces Rivers, respectively. Tables 10 
and 11 give similar data, based on 1975-2075 flood plain development 
and the benefits attributable to each of the projects in the plan of 
improvement. 
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~ TABLE 7 

FLOOD CONTROL DEVELOPMENT FACTORS 
NUECES RIVER - REACH 6 

1975 2000 2025 2050 2075 

Agricultural = 94.4~ 

1960 = 1.000 

Population 1.350 2.150 3-360 

Value of farm products sold 1.370 1.720 2.154 

Geometric mean 1.360 1.923 2.690 3-457 4.020 

1964 = 1.000 1.225 1.732 2.423 3-114 3.622 

Annual equivalent - using 3-1/8 percent interest rate = 1.80 

Nonagricultural = 5. 6% 

1960 = 1.000 

Population 2.128 3-670 6.237 

Value of mineral production 2.723 6.100 13.748 

Retail sales 2.768 6.950 17.853 

Bank deposits 2.768 6-950 17.853 

Disposable personal income 2.768 6-950 17.853 

Geometric mean 2.617 5-959 13-730 21.501 24.843 

1964 = 1.000 2.561 5-831 13.435 21.038 24.309 

Annual equivalent -using 3-1/8 percent interest rate = 7.76 

Weighted factor = (1.80 X ·944) + (7.76 X .056) = 2.13 
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~ TABLE 8 

FLOOD CONTROL BENEFITS 
1964 COl'IDrriONS OF DEVELOPMENT 

GUADALUPE RIVER BASIN 

. Average annual damages : Benefits due to . 
: Modified by :prevention of damages . :Cloptin Crossing: by Cloptin Crossing . 

Stream :Reach:Existing: Reservoir Reservoir 

Guadalupe River 1 $ 14,900 $ 5,4oo $ 9,500 

2 79,300 20,600 58,700 

3Al 900 900 

3A2 (Inundated by Cuero Reservoir) 

3B ( II II II II ) 

4A ( II II II II ) 

4B 14o, 700 130,700 10,000 

San Marcos River 1 30,900 20,200 10,700 

2 193,600 151,200 42,4oo 

3 134,700 70,000 64,700 

4 109,500 31,300 78,200 

Bandies Creek 1 

Blanco River 1 13,300 100 13,200 

2 7,100 300 6,800 

Total $724,900 $429,800 $295,100 
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TABLE 9 

FLOOD CONI'ROL BEHEFITS 
1964 CONDITIONS OF DEVELOPMENI' 

NUECF.S RIVER BASIN 

Ave!!eie Annual Damages Benefits due to prevention of dam!ges (1} 
Modified Modified Modified . 

by Montell by Concan by Sabinal Montell Concan Sabinal 
Stream Reach Eld.sting Reservoir Reservoir Reservoir Reservoir Reservoir Reservoir 

Nueces River lB $ 10,000 $ 300 $ 10,000 $ 10,000 $ 9,100 $ 0 $ 0 

lA 64,800 23,200 64,8oo 64,800 41,6oo 0 0 

1-1 15,300 7,100 15.300 15,300 8,200 0 0 

1-2 8,300 3,900 8,300 8,300 4,400 0 0 

1-3 91,6oo 42,200 91,600 91,600 49,400 0 0 

1-4 182,400 111,300 182,400 182,400 71,100 0 0 

2 13,600 10,200 13,800 13,800 3,6oo 0 0 

3 43,800 31,300 43,800 43,800 12,500 0 0 

~ 4 42,900 36,6oo 42,900 42,900 6,300 0 0 
Jt, 

165,100 145,200 161,500 3,600 \0 5 & 5A 155.900 19,900 9,200 

6 78,6oo 73,300 76,000 77,200 5,300 2,600 1,400 

Frio River lA 3,400 3,400 400 3,400 0 3,000 0 

lB 9,400 9,400 4,700 6,300 0 4,700 3,100 

2 8,500 8,500 6,600 7,300 0 1,900 1,200 

3 2,6oo 2,6oo 2,100 2,300 0 500 300 

4 11,900 11,900 9,6oo 10,400 0 2,300 1,500 

5 23,100 23,100 21,700 22,500 0 1,400 600 

Sabinal River 1 8z2Q2 8z2Q2 -~ 222 0 0 81000 

TDrAL $784,400 $552,4oo $758~800 $764,700 $232,000 $25,600 $19,700 

(1) Sum of benef'its for ind.ividUBJ. reservoirs virtually equal to total benefits for the three-reservoir system. 



r: TABLE 10 

FLOOD CONTROL BE:NEFITS 
1975-2075 CONDITIONS OF DEVELOPri!ENT 

GUADALUPE RIVER BASIN 

Average annual damages Benefits due to . J.iodii'ied by :prevention o1' damages . 
:C1optin Crossing: by C1optin Crossing 

Stream Reach Existing Reservoir Reservoir 

Guadalupe River 1 $ 35,300 $ 12,800 $ 22,500 

2 188,000 48,800 139,200 

3Al 1,800 1,800 

3A2 (Inundated by Cuero Reservoir) 

3B ( II II II II ) 

4A ( II II II II 

4B 268,700 249,600 19,100 

San Marcos River 1 59,000 38,600 20,400 

2 369,800 288,800 81,000 

3 257,300 133,700 123,600 

4 280,300 80,100 200,200 

Sandies Creek 1 

Blanco River 1 34,100 300 33,800 

2 18,200 800 17,4oO 

Total $1,512,500 $853,500 $659,000 
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TABLE 11 

FLOOD CONl'ROL BENEFlTS 
1975 - 2075 CONDITIONS OF DEVELOPMEJrl' 

NUECES RIVER BASIN 

Ave!:!!6e Annual Dama~~:es Benefits due to prevention of da!agea (1) 
Modified Modified Modified 

by Montell by Concan by Sabinal Mont ell Concan Sabinal 
Stream Reach Exiating Reservoir Reservoir Reservoir Reaervoir Reaervoir Reaervoir 

Nueces R1 ver 1B $ 24,900 $ 700 $ 24,900 $ 24,900 $ 24,200 $ 0 $ 0 

lA 207,4oo 74,200 207,4oo 207,400 133,200 0 0 

1-1 49,300 22,900 49,300 49,300 26,400 0 0 

1-2 22,4oo 10,500 22,4oo 22,400 11,900 0 0 

1-3 233,6oo 107,700 233,6oo 233,600 125,900 0 0 

I-4 457,800 279,000 457,800 457,800 178,8oo 0 0 

2 29,900 22,100 29,900 29,900 7,800 0 0 

3 95,500 68,300 95,500 95,500 27,200 0 0 

4 89,200 76,100 89,200 89,200 13,100 0 0 

5 & 5A 363,200 319,500 343,000 355,400 43,700 20,200 7,800 

6 168,900 156,100 163,000 165,8oo 11,300 5,900 3,100 

Frio River lA 3,600 8,6oo 1,200 8,600 0 7,400 0 

1B 23,100 23,100 11,900 15,800 0 11,200 7,300 

2 22,500 22,500 17,700 19,400 0 4,800 3,100 

3 5,700 5,700 4,6oo 5,000 0 1,100 700 

4 25,6oo 25,600 20,700 22,4oo 0 4,900 3,200 

5 48,000 48,000 45,100 46,700 0 2,900 1,300 

Sabilllll River 1 21,200 21,200 211200 21200 0 0 1~h000 

TarAL $1,396,800 $1,291,800 $1,338,400 $1.,851,300 $603,500 $58,4oo $45,500 

(1) Swn of ben~fil;s for individual reservoirs virtually equal to total benefits for the three-reservoir system. 
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SURVEY REPORT 
ON 

EDWARDS UNDERGROUND RESERVOIR 
GUADALUPE, SAN ANTONIO AND NUECES RIVERS 

AND TRIBUTARIES, TEXAS 

APPENDIX VII 

COMMENTS OF OTHER AGENCIES 

INTRODUCTION 

Drai"t copies of this report were sent to other Federal 
aeencies at field level for review, 1n accordance with the 
Interagency Agreement on Coordination of Water and Related 
Land Resources Activities approved by the President on 
May 26, 1954. Draft copies of the report were also sent for 
review·to the Texas Water Commission and to river 
authorities, city water boards, improvement districts, and 
mill tary cOllllllallds w1 thin the Edwards Underground Reservoir 
area. Letters received from these agencies containing .their 
comments, and replies where appropriate, are presented in 
this appendix. 



OTHER FEDERAL AGENCIES 

PAGES 3 THROUGH 36 

STATE AGENCIES 

PAGES 38 THROUGH 61 
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REGION SIX 

~::.~:~~ 
OKLAHOMA 
TIICCA8 

06-41 

U.S. DEPARTMENT OF COMMERCE 
BUREAU OP' PUBLIC ROADS 

Austin, Texas 78701 

Colonel F. P. Koisch 
District Engineer 
Corps of Engineers 
100 West Vickery Boulevard 
Fort Worth, Texas 

Dear Colonel Koisch: 

January 8, 1965 

IN REPLY Rlll"ltR TOo 

We are returning the draft copy (Serial No. 80) of your "Survey 
Report on Edwards Underground Reservoir, Guadalupe, San Antonio 
and Nueces Rivers and Tributaries, Texas," dated December 1964. 

We appreciate the opportunity to review this report and would 
be pleased to receive a final copy of Volume 1, Main Report. 

Sincerely yours, 

~-/·--

~0 
L. s. cc{y 
Division Engineer 
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REGION SIX 

~ARKAN8A8 
LOUISIANA 
OKLAHOMA 
~ 

U.S. DEPARTMENT OF COMMERCE 
BUREAU OF PUBUC ROADS 

Colonel F. P. Xoisch 
l)istrict Engineer 
Go rps of' ~~nginee rs 

'P.O. BOX 12037 

FORT WORTH 16, TEXAS 

January lL, 1965 

100 ~Jest Vickery Boulevard 
i!'ort 1.vorth, Texas 

near Colonel Koisch: 

IN RI!PL.Y RI!PIUI TOt 

06-00.1 

)ve are returning the draft copy (Serial No. 81) of your 11Survey 

Report on ~wards Underground 9eservoir, Guadalupe, San Antonio 

and Nueces Rivers and Tributaries, Texas, 11 furnished with our 

copy of your 24 .tJecember 1964 letter to Mr. Goy. 

1.-le appreciate the opportunity to review this report. We have no 

co~~ents to offer for inclusion in the final report. 

Attachment 

Sincerely, 

t/ A · .# tf, ../k-c.L.-.1£--t / 

~c.. Bill L. Andrews 
Assistant Regional illngineer 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF OUTDOOR RECREATION 
7880 WEST 16TH AVENUE 

DENVER, COLORADO 802111 

Colonel F. P. Koisch, District Engineer 
U. S. Army Engineer District, Fort Worth 
Corps of Engineers 
P. 0. Box 1600 
Fort Worth, Texas 76101 

Dear Colonel Koisch: 

January 8, 1965 

Your Ref: SWFGP 

This is in reply to your letter of December 24, 1964, wherein we were 
requested to review a draft copy of your Survey Report on Edwards 
Underground Reservoir. Guadalupe. San Antonio and Nueces Rivers. Texas, 
dated December 1964. 

We commend you for your thorough analysis of the recreation problems 
associated with the subject area. At this time we have no specific 
comments on the proposed projects or their relation to providing oppor
tunities for the public to engage in outdoor recreation activities. By 
this statement, we do not wish to imply that we approve or disapprove 
of the report as written or that we are not interested. Our Bureau is 
now engaged in collecting and analyzing data for the preparation of a 
Nationwide Outdoor Recreation Plan. This endeavor will provide infor
mation relating to recreation supply and demand associated with water 
resource development projects such as contemplated in the subject report. 
The State of Texas is also actively engaged in the preparation of a 
comprehensive Statewide Outdoor Recreation Plan under P.L. 88-578. When 
these data have been developed, it might be desirable to reevaluate the 
recreation program as proposed in your December 1964 report. 

We appreciate the opportunity to review the draft report. As requested, 
we are returning.the copy, serial-number 89. When the report has been 
finalized, we would appreciate a copy of the recreation appendix and 
other related pertinent data for our files. 

Enclosures: 
Vols. I, II, 
and III 

Sincerely yours, 

~ 
W. W. Dresskell 
Regional Director 
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UNITED STATES 
DEPARTMENT OFTHE INTERIOR 

SOUTHWESTERN POWER ADMINISTRATION 
POST OFFICE DRAWER 1619 

TUL.SA ~ OKLAHOMA 74101 

IN REPLY REFER TO: 

SPA-RR 

January 18, 1965 

District Engineer 
U. S. Army Engineer District, 

Fort Worth 
Corps of Engineers 
P. 0. Box 1600 
Fort Worth, Texas 76101 

Dear Sir: 

Your reference: 
SWFGP 

The draft copy (serial number 94) of your Survey Report on 
Edwards Underground Reservoir, Guadalupe, San Antonio and Nueces 
Rivers and Tributaries, Texas, dated December 1964, has been 
reviewed. 

The proposed improvements will not affect the interests of this 
Administration. However, in further studies of the region in 
which reservoir projects are included, it is suggested that the 
hydroelectric power potential be considered in both conventional 
and pUmped storage projects. 

As requested, the draft copy is being returned. 

Enclosures 3 

Sincerely yours, 

- A-/::. )~ ~· ... ~"' .~# "tl- .• 
~~--- ~ .. ~ ..... "'l 

E. Roberts 
Chief, Division of 

Planning and Resources 
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FEDERAL POWER COMMISSION 
REGIONAL OFFICE 

100 North University Drive 
Fort Worth, Texas 76107 

January 20, 1965 

The District Engineer 
U. s. Army Engineer District, Fort Worth 
P. o. Box 1600 
Fort Worth, Texas 76101 

Attention: SWFGP 

Dear Sir: 

Attached hereto is the dra.:f't copy of your "Survey Report on 
Edwards Underground Reservoir, Guadalupe, San Antonio and Nueces Rivers 
and Tributaries, Texas" which has been reviewed and is being returned 
as requested by your letter of December 21~, 1964. 

Our review of this report was directed toward the feasibility of 
inclusion of hydroelectric power facilities as a part of the plan of 
development. The proposed Mantell, Concan, and Sabinal projects in 
the Nueces River Basin would not be adaptable to power generation, 
since, in order to meet requirements for flood control and recharge 
purposes, these reservoirs Will be operated on the "dry-pool" pr+n
ciple, with the exception of a minor amount of storage at Mantell. 

The proposed multiple-purpose project at Cloptin Crossing on the 
Blanco River in the Guadalupe River Basin was studied in some detail. 
It was found that any appreciable quantity of storage at the site would 
result in a critical hydro period of almost ten years. The compara
tively low rate of precipitation and high rate of evaporation in the 
area are not conducive to economic storage of water for so long a draw
down period. Several assumptions were made in order to increase dead 
storage in the interest of more head for power at the Cloptin Crossing 
development. It was found that prinie power in the amount of 500-600 
kilowatts could be developed under the several alternatives which were 
studied. This would support low load factor installations of 10 ,ooo-
12,000 kilowatts. However, with ratios of benefits to costs of less 
than 0.7 none of the alternatives studied would be economically feasible 
by present criteria. 
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The Dist Engr 
Fort Worth, Tex -2- Jan. 20, 1965 

On the basis of these findings we concur in your conclusion 
{Appendix I, Page 53) that the inclusion of hydroelectric power 
facilities at Federal expense is not justified at these reservoir 
projects and we do not find any justification for provisions which 
would allow installation of power facilities at some future date. 
We note that there is a possibility that ~he recharge system may in
crease the flow of Comal and associated springs thus increasing power 
production at the series of small existing hydroelectric stations on 
the Guadalupe River. 

We appreciate the opportunity to r~view the report at this stage. 
It should be noted that our comments are made at field level and are 
not necessarily those of the Federal Power Commission. 

Sincerely yours, 

~ • ("·. :_J~ ~ \.£:' L ~ ··~J~ 
~~ ~ 4-...... Co"o. '-(~ ·~. ~~ (_) 

Lenard B. Young 
Regional Engineer 

Enclosure No. 4207: 
As stated herein {u.s.c.) 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

REGIONAL OFFICE 

PUBLIC HEALTH SERVICE 

District Engineer 

1114 c'onunerce Street 
Dallas, Texas 75202 

U. S. A~ Engineer District, Fort Worth 
P. o. Box 1600 
Fort Worth, Texas 76101 

Dear Sir: 

January 21, 1965 

Your reference: 
SWFGP 

The draft copy (Serial Number 83) of your "Survey Report on Edwards 
Underground Reservoir, Guadalupe, San Antonio, and Nueces Rivers, 
and Tributaries, Texas," dated December 1964, has been reviewed. 

Our '~ater Supply and Water Quality Control Study, Edwards Underground 
Reservoir, Texas," which evaluates municipal and industrial water 
supply and water quality control by flow regulation requirements, will 
be included in the report as Attachment 2, Appendix I. 

Several minor discrepancies have been noted in colored pencil on the 
copy of the report which we are returning under separate cover. Your 
report compares future water requirements determined by this office 
with 1962 reported water use. Our report employed 1958 as the base 
water use year. 

Paragraph 91 of your report relating to future water requirements should 
be headed "Municipal, Rural, Industri.al, and Power Demands" to be con
sistent with the data presented in the report from this office. Domes
tic use is a segment of both municipal and rural water demands. 

We expect that the various minor inconsistencies can be worked out in 
meetings with your staff. 

Concerning water quality control, your report.should indicate that 
consideration was given to use of storage in the proposed projects for 
regulation of streamflow for the purpose of water quality control in 
accordance with Section 2b of the Federal Water Pollution Control Act, 
as amended. 
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With respect to vector problems, it is unlikely that construction of 
the reservoir projects will create a significant encephalitis hazard 
or other vector-borne disease problems in the area. 

A few cases of encephalitis among horses have been reported from the 
area. The encephalitis mosquito -- Culex tarsalis -- occurs in the 
region, but the ecology of the area is not t~o suitable for this species. 

As public health safeguards against vector problems, it would seem a 
wise course of action for the Corps of Engineers and other agencies to 
carry out a few preventative measures, as outlined below: 

1. Eliminate seepage areas (favorite breeding placesfbr Culex tarsalis 
mosquitoes) by constructing drains to natural channels. 

2. In connection with recreational developments, 

a. Provide for proper storage, collect~on, and disposal of refuse 
for the prevention of flies, wasps, rats, and wild rodents. 

b. Provide for rodent-proofed buildings. 

c. Provide for periodic removal of debris, rubbish, and other 
materials which may serve as harborage for rodents and other 
small manunals. 

d. Provide for supplemental use of insecticides and rodenticides 
in situations where adequate vector control is not obtained 
through source reduction methods outlined above. 

It is reconunended that a postimpoundage vector control survey be con
ducted to determine what additional measures are needed to provide for 
adequate public health safeguards. 

The opportunity to review the report is appreciated. 

Sincerely yours, 

0 
~....U~-~ <)f l < <Vf_ 

JirioME H. SVORE 
Regional Program Director 
Water Supply and Pollution Control 

Enclosure 
~ Draft Copy (Serial No. 83) 
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U. S. ARMY ENGINEER DISTRICT. FORT WORTH 
CORPS OF ENGINEERS 

.. DDAEIIII AltPLY TO' 

DISTRICT INGINEEA 
U. S ... A04Y ENGINEER DISrAICT. ,.OAT WORTH 
P. D. OOX IGDD 
'0AT WORTH. TEX .. S 

IN REPLY AltHA TO 

SWFGP 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4. TEXAS 

Mr. Jerome H. Svore 
Regional Program Director 
Water Supp~ and Pollution Control 
Public Health Serv-ice 
u. s. Department of Health 9 Education and Welfare 
1114 Commerce Street · 
Dallas, Texas 75202 

Dear Mr. Svore : 

1'? March 1965 

This is in reply to your letter of 21 January 1965 contain
ing your comments on our :'Survey Report on Edwards Underground 
Reservoir, Guadalupe, San Antonio and Nueces Rivers and Tribu
taries, Texas." Inclosed with your letter was the draft copy~ 
serial No. 83, of the report with a few discrepancies noted in 
colored pencil. 

The discrepancies noted in the report and included in your 
ldtter have been corrected. You also noted that the report com
pared 1962 water use from the aquifer, determined by the 
Geological Survey~ with the future requirements determined by 
the ·Public Health Service. The references to the contributing 
agencies are·sho~m on Figure 8, Table 10, and other locations 
throughout the report. Since a significant portion of the data 
presented in the report is based on hydrologic records through 
the year 1962, it is considered essential to present the 1962 
water use in this form. Hm-1ever, this should have no effect on 
your dete'rmination of future water requirements. 

A discussion of consideration given to use of storage in 
the proposed rese~roirs for streamflow regulation for water qual
ity control purposes has been added to the report • 

. .Yo~r letter containing the suggestions pertaining to the 
public health safeguards against vector problems and recommenda
tions for a postimpoundage vector control survey will be 
appended to the report. Consideration will be given your 
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SWFGP 17 March 1965 
Mr. J"erome H. Svore 

suggestions and recommendations during the advance planning and 
construction phases of the projects. 

Your review of the report and comments are appreciated. 

Sincerely yours, 

-/1:? dt~~-i. 
F. P. KOISC"H 
Colonel, CE 
District En_gl.neer 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 
5401 Federal Office Bldg. 

Little Rock, Arkansas 72201 

January 28, 1965 

Colonel F. P. KOisch, District Engineer 
U. s. Army Engineer District, Ft. Worth 
Post Office Box 1600 
Ft. Worth, Texas 76101 

Dear Colonel KOisch: 

We are enclosing a letter dated January 20, 1965 i'rom Mr. J. K. Vessey, 
Regional Fbrester, covering the field level comment of his agency on 
your dra:f't survey report on Edwards Underground Reservoir, Guadalupe 1 

San Antonio, and Nueces Rivers and Tributaries, Texas. Also, according 
to our information, you were furnished a letter of comments dated 
January 21, 1965 i'rom Mr. H. N. Smith, Texas State Conservationist, 
Soil Conservation Service, covering the field level comments of his 
agency. These comments are submitted in accordance with interagency 
agreement on coordination of proposed water resource projects. 

In accordance with your request, draft reports numbers 86 and 87 are 
being returned under separate cover. We would like to receive one 
copy of your final report when prepared. 

This is to advise that the above noted comments i'rom the U. S. Fbrest 
Service and the Soil Conservation Service constitute the field level 
comments of the U. s. Department of Agriculture. 

Enclosure 

Sincerely yours, 

Willi8Jil B. Ie.vey . 
State Conservationist 

(USDA AWRBIAC Representative) 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

FOREST SERVICE 

Allanta, G•argia 30323 

Colonel F. P. Koisch, District Engineer 
U. S. Army Engineer District, Fort Worth 
Corps of Engineers 
P. 0. Box 1600 
Fort Worth, Texas 76101 

Dear Colonel Koisch: 

IN REPLY REFER TO 

3520 

January 20, 1965 

We have reviewed the draft copy of your "Survey Report on 
Edwards Underground Reservoir, Guadalupe, San Antonio and 
Nueces Rivers and Tributaries, Texas. " 

Paragraphs 47, 48, and 49 of Volume 2, Pages II-74 and II-97 
discuss watershed development as a factor in reducing runoff. 
Our interest from a forestry standpoint is limited because the 
study area is out of the commercial forest zone. However, we 
believe the role of land treatment combined with floodwater
retarding structures is dismissed too easily in this report. 

Enclosures 

Sincerely yours, 

J. K. VESSEY 
Regional Forester 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

Colonel F. P. Koisch 
District Engineer 
Corps of Engineers, U.S.Army 
100 West Vickery Blvd. 
Box 1600 
Fort t~orth, Texas 76101 

Dt-ar Colonel Koisch: 

P. o. Box 648 
Temple, Texas 76502 

Janunry 21, 1965 

A review has been completed for your "Survey Report on Edw:lrd!'l Underground 
Reservoir, Guadalupe, Snn Antonio and Nueces Rivers and Trioutarics, Tex:ls" 
as l"('qucsted by letter dated Decembei: 16, 1964, in accordance with Inter
Agency agreement on coordination of proposed water resource projects. 

The purpose of the investigations and study, as stated, is to devise 
effective means of acC:OI•lplishing the recharge and replenishment of the 
Edwards Underground Reservoir as a part of plans for flood control and 
water conservation. 

The Edwards Underground Water District is the State Agency designated to 
cooperate with the Corps of Engineers in this study. 

The plan of improvement would provide foL· construction of Hontell Reservoir 
on the N\leces River, Concan Reservoir on the Frio River, and Sabinal 
Reservoir on the Sabinal River with joint storage for flood control and re
charge purposes. A small conservation pool would be provided in the Montell 
Reservoir for downstream watc' supply. Two reservoir projects are also 
proposed in the Guadalupe River basin to provide a supplemental water supply 
far the Edwards Reservoir area. Clopton Crossing Reservoir, a multiple
purpose project on the Blanco River, is proposed for Federal construction. 
Dam No. 7 Reser"oir, on the Guadalupe River, is proposed for construction by 
local interest for water conservation p~rposes. 

"The proposed plan o£ improvemellt would meet the municipal, domestic, 
indus trial, military, thennal power, and irrigation denaands in the Edwards 
Reservoir area to approximate the year 2000. To meet the anticipated water 
demands beyond this date will acquire more adequate use of return flows and 
develop~olcnt of additional water supply outside the Edwards Reservoir area." 
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The following comments llre presented for your consideration: 

1. Data presented in the report indicate that the proposed project will 
increase average annual recharge by approximately 63,900 acre-feet. 
It is estimated that of this amount, the safe yield will be 29,000 
acre-feet through increase in well withdrawal and the remaining 34,900 
acre-feet would be discharged from the aquifer through the major spt·ings. 

The report docfl not state that the total annual recharge is expected to 
!le recovered. However, calculations for determining the monetary value 
of recharge indicate that 100 percent recovery was considered and that 
the same value was used for each acre-foot of recharge whether recaptured 
through wells or discharged through major springs. 

2. Volwne I, Page 85, Table 5 - Sediment storage in Yo::k t:.:eck should Le 
'~,950 instead of 4,599 acre-feet. The 4,599 acre-feet does not include 
351 acre-feet capacity provided in the detention pool. 

3. Volwne II, Page II-19, Table 5 - The sediment storage capacity for Yo:l'k 
Creek is in error as above. 

Drainage area of Salado Creek w~tenhed is shm·m to be 211 square miles. 
The work plan shows this to be 218 square miles and Texns Water 
Commission Circular No. 63-07 shows the drainage $1l"f':J ::o be 223 sq.:nl."~ 

Io•ilcs. Tbc ut~e of 211 has nu effect on SCS program. 

The Service spillw;ty rele11fle rnte for Martinez C.Leel" shows 430 crs. 
TTtis includes 71 c.Cs from Sites 4 and 5 which :tre in series with Site 6A. 
The releAse from the watershed should be 369 cfs. 

4. It is noted that Montcll, Concan and Sabinal Reservoirs are ptoposed 
\·tith storage for groundwAter recharge. These l.rill conl.:ibutc 26,600, 
21,50C, and 15,800 acre-faet annually to groundwate1· rc("harl!.e• The 
recharge \o~ater is valued at $38 per acre-foot. This value is higher 
thnn we generl'llly estimate, but is not unrear;onable when the total 
resources or an area are needed as in the San Antonio area. 

We find the subject report to be well pres!'!nted and contains interesting 
Analyses and good basic data. 

In accordance with instructions, we are returning draft copies of Serial Nos. 84 
and 85, under separate cover. We would like to keep draft copy No. 88, if there 
is no objection. We appreciate this opportunity to review the report. 

Sincerely yours, 

a tiP w. Gt1'-~- ·.----' 
ft"->-~-H '"':"N(/ Smith 

State Conservationist 
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U. S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORPS OF ENGINEERS 

ADDRESS REPLY TO, 

DISTRICT ENGINEER 
U.S. AR"'Y ENGINEER DISfRICT, f'ORT WORTH 
P. 0. DOll I GOO 
F'OAT WORTH. TEX4S 

IN REPLY REFER TO 

SWFGP 

Mr. H. N. ·Smith 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4. TEXAS 

State Conservationist 
Soil Conservation Service 
u. s. Department of Agriculture 
P. o. Box 648 
Temple, Texas 76502 

Dear Mr. Smith: 

17 March 1965 

This is in reply to your letter of 21 January 1965 regarding 
our "Survey Report on Edwards Underground Reservoir: Guadalupe, San 
Antonio and Nueces Rivers and Tributaries, Texas." · 

Corrections to data presented in the report on the Soil Con
servation Service reservoirs have been made in accordance with 
comments 2 and 3 shown on page 2 of your letter. 

With regard to comment No. 1 on page 2 of your letter concern
ing recovery of the total annual recharge, it is assumed that in 
future years the springflow from the Edwards Underground.Reservair 
will be in such great demand that facilities will be installed by 
local interests to fully utilize the increased flow. For this 
reason we have considered 100 percent recovery of the increased 
quantity of recharge water. However, the same value has not been 
placed on the quantity of water available for pumping and the 
quantity expected to be discharged from the various major springs 
in the region. As described in piragraphs 48 through 52, appendix 
I~ a separate value or unit benefit was determined for the increased 
water available for pumping and the increased flow at each of the 
major springs. The unit values and benefits were computed on the 
basis of being equal to the same cost of delivered water from the 
most likely or most economical alternative source, taking into ac
count the differential costs of pumping and treatment. Because of 
the high quality of the artesian water from the aquifer and the 
high water demands indicated for the future in this region, the 
value placed on the quantity of increased water resources that 
could be developed is considered conservative. 
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SWFGP 17 March 1965 
Mr. H. N. Smith 

The comments contained in your letter vith regard to the sub
ject report are appreciated • . 

Sincerely yours, 

~~~~ 
F. P. KOISCH 
Colonel, CE 
District Engineer 
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AIRMAIL 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 
BUREAU OF SPORT FISHERIES AND WILDLIFE 

POST OFFICE BOX 1306 

ALBUQUERQUE, NEW MEXICO 87103 

January 22, 1965 

District Engineer 
Corps of Engineers, U. S. Army 
P.O. Box 1600 
Fort Worth, Texas 

Dear Sir: 

By letter dated December 24, 1964, reference SWFGP, you requested 
our conunents on the draft of your 11Survey Report on Edwards Under
ground Reservoir, Guadalu~ San Antonio and Nueces Rivers and 
Tributaries, Texas, 11 dated December 1964. 

We have reviewed the draft of the survey report including Volumes 1 
through 3. We are pleased to note that the Bureau of Sport Fisheries 
and Wildlife report will be attached to Appendix VI, Recreation and 
Fish and Wildlife. We expect that our report will be released in 
final form in a week or two. 

Viewed with interest were the statements in paragraph 102, page 114, 
of the report that 11 

••• fish and wildlife resources must be con
sidered in the overall plan of improvement for the Edwards Underground 
Reservoir area.•• and that 11The reconunendations of the Bureau of Sport 
Fisheries and Wildlife will be given every consideration in develop
ment of the projects in this area.•• We trust that the reconunendations 
made by this Bureau will be listed and discussed in conjunction with 
the 11WATER RESOURCE DEVELOPMENT11 section of your report, rather than 
in the appendix. 

It is noted, with concern, that the annual benefits for fishing and 
hunting are given at $735,000. Our report, which wi 11 be released 
shortly, indicates fishing benefits of $238,000 annually and no 
hunting benefits. 

The fishing and hunting benefits shown in your report evidently are 
based on the premise that fishing and hunting will increase on a reser
voir in direct proportion to the increase in human population over the 
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100-year period of analysis. The report, however, does not appear 
to take into consideration the change in quality of fish and wildlife 
habitat over the period of analysis. As you know, most reservoirs 
in Texas are productive during the early years of impoundment. During 
this period sport fishing is good. Thereafter, nongame fish predomi
nate, and the amount of sport fishing declines. 

The sport fishing benefits shown in our Bureau's report were derived 
through the cooperative efforts of this Bureau and the Texas Parks 
and Wildlife Department. We believe such estimates are the best 
available. Therefore, we feel that these estimates, which were com
piled by experts in the field of fish and wildlife, should be used in 
your report rather than those shown in the draft of the survey report. 

We appreciate the opportunity extended to us to comment on the survey 
report. Under separate cover, we are returning copy No. 92 of the 
draft including appendixes. By copy of this letter, we are requesting 
Mr. John G. Degani, Field Supervisor of our Field Office in Fort Worth, 
Texas, to return copy No. 93 of the draft direct to your office. 

Sincerely yours, 

rt;:l~~ 
Regional Director 

Separate cover: 
Copy No. 92 draft report 

cc: 
Executive Director, Texas Parks and Wildlife Department, Austin, Texas 
Regional Director, Bureau of Commercial Fisheries, St. Petersburg 

Beach, Florida 
Laboratory Director, Biological Laboratory, Bureau of Commercial 

Fisheries, Galveston, Texas 
Field Supervisor, Branch of River Basfn Studies, Bureau of Sport 

Fisheries and Wildlife, Fort Worth, Texas 

VII-20 



U. S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORPS OF ENGINEERS 

ADDRESS REPLY TD: 

DISTRICT ENGINEER 
U, S. AR"'Y ENGINEER DISTRICT, I"ORT WDRTH 
P. O, BDX 1600 
I'ORT WDRTH. TEXAS 

IN REPLY REI'ER TO 

SWFGP 

Mr. John c. Gatlin 
Regional Director 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4. TEXAS 

Bureau of Sport Fisheries and Wildlife 
Fish and W;l.ldlife Service 
U. S. Department of the Interior 
P. O. Box 1306 
Albuquerque, New Mexico 87103 

Dear Mr. Gatlin: 

17 March 1965 

This is in reply to your letter of 22 January 1965 containing 
your coDDllents on our "Survey Report on Edwards Underground Reser
voir, Guadalupe, San Antonio and Nueces Rivers and Tributaries, 
Texas. 11 

· 

The "Water Resource Development" section of the report, in 
Which you requested the recommendations of the Bureau be listed 

I 

and discussed, consists of a discussion of projects in the study 
area for water resource development that are existing, under con
struction or authorized. It is not considered appropriate to in
sert recommendations on operation of proposed reservoirs 1~ this 
part of the report o · 

.You noted, with concern, that the benefits fc;>r fishing ·and hunt
ing computed by the 1Corps were in excess of thos~ determined by the 
Bureau. Your report containing the benefits determined by your 
agency was received subsequent to the transmi ttat of the Corps re
port to o.ther Federal and ,State agen~ie~ for review o The b.enefi ts 
in our report ·were determined in consonance with visitation stand
ards established by the Outdoor Recreation Resources Review Com
mission and with Supplemen~ No. ·1 to Senate Document 97; 87th 
Congress, 2nd Session7 suoject: Evaluation Standards for Primary 
Outdoor Recreation Benefits o In comparison with the standards 
established, our estimates of visitations are considered very 
conservative. Predictions made by the Corps and others indicate 
that maximum recreatipn deveiopment at existing, authorized and 
proposed reservoirs w1 thin the Edwards Underground Reservoir area 
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SWFGP 17 March 1965 
Mr. John C. Gatlin 

will not even approach the satisfaction of future waterqrelated 
recreation needs. It is recognized that quality of fishing and 
hunting opportunities will decline as visitations increase; however, 
based on attendance figures at existing Corps of Engineers reservoir 
projects, the man-days of fishing and hunt:f.ng do not necessarily 
decrease. · 

The visitation figures at Corps projects are based on the use of 
mechanical traffic counters, personal interview surveys, and at-site 
observations by project personnel. During the last three years., sur
veys have indicated that visitations to projects With~ the Fort Worth 
District have averaged 43 percent fishermen and 9 percent hunters. 
:r'herefore, the use in the report of 34.65 percent of the visitation 
for fishing and 0.35 percent for hunting is considered conservative. 

Our report will be revised to include appropriate provisions 
for reservoir zoning as a part of the plan of developnent. It is 
recognized that an adequate zoning plan will be necessary for the safe, 
orderly use of any reservoir for fishing, hunting and general recrea
tion activities. 

A copy of your letter of comments and this reply will be included 
in the report. Your review of the report and comments are appreci~ted. 

Sincerely yours, 

) . . \ / 
~/ / . ).~;c.(' ;.1 ( tr. 
F. P. KOISCH 
Colonel, CE 
District Engineer 
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UNITED STATES 

DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

SOUTHWEST FIELD COMMITrEE, REGION SIX 
807 Brazos Street 

Austin, Texas 78701 

IN REPLY REFER TO: 

January 25, 1965 

Colonel F. P. Koisch, District Engineer 
U. S. Army Engineer District, Fort Worth 
Corps of Engineers 
P • 0 . Box 16oo 
Fort Horth, Tex. 

Dear Colonel Koisch: 

The report "Survey Report on Edwards Undergrol.Uld Reservoir, Guadalupe, 
San Antonio and Nueces Rivers and Tributaries, Texas" transmitted 
by your letter of Dec. 24, 1964 (SWFGP) has been reviewed in accord
ance with the Interagency Agreement approved by the President on 
May 26, 1954. 

We fol.Uld this an interesting report, particularly the comprehensive 
analysis of the hydrology and the methods for supplementing grol.Uld
water recharge with impounded flood waters. It is gratifying to know 
that the surface and ground-water investigations of the Geological 
Survey produced enough information for planning optimum development of 
the water resources of the report area. These investigations have been 
underway in varying degrees for more than 65 years. 

Fron1 the Geological Survey•s viewpoint, the most significant conclusions 
are: 

(1) 

(2) 

(3) 

That proposed development will meet water demands 
to the year 2000. 

Major reservoirs for impounding flood flows, developing 
water for recharge, and ror conservation use in some of 
the reservoirs, are planned at the Mentel site on the 
Nueces River, Concan site on the Frio River, Sabinal 
site on the Sabinal River, Dam No. 7 on the Guadalupe 
River, and Cloptin Crossing site on the Blanco River. 

A dependable annual yield of 4,300 acre feet (average 
daily 6cfs) will be provided for beneficial use from the 
Mentel project. 

VII-23 



Vol. II 1 page 18o makes recommendations for studies to determine a 
speci~ic program for expanding the climatic and the surface-water 
network. Tnis expansion will be necessary when the project plan is 
placed in operation. The Geological Survey concurs fully in these 
recommendations and suggests also that the statement on page 18o be 
expanded to include appropriate hydrologic instrumentation for the 
study of ground-water aquifers downstream from each of the major 
reservoirs and for the study of the quality of water of the surface 
and ground-water system. 

The channel conditions and movement of water in the channels and in 
the gravels under the flood plain downstream from the major flood 
control structures undoubtedly will be roue~ different after the 
system is in operation. Consideration should be given to the establish
ment of stable weirs at the outflow stations to accurately measure 
the released flows from the reservoir. Ground-water observation wells 
will be required for studying ground-water movement in the river valleys 
upstream from and across the Balcones fault zone. The report states 
that recharge from the new dams should take place at the maximum 
infiltration rate of the streambed in the fault zone. These rates 1 
known only approximately, could be defined more accurately with the 
control that may be afforded by the new structures. Proper gaging 
stations at suitable locations for measuring not only releases from 
the dam but also for measuring all flow into the recharge zone of the 
streambed should be provided. Also 1 detailed field investigations 
(including test drilling in the alluvium and installation of shallow 
observation wells) to define the relationship between bank storage 
and streamflow should be made. The thought here is that controlled 
releases may create constant and definite channel conditions that 
may later result in large evapotranspiration losses of streamflow. 
Reservoir releases then may have to be increased to keep the maximum 
infiltration rate going over the streambed in the fault zone. 

Reference is made to page 55 1 Vol1 I, main report.--The concentration 
of calcium bicarbonate in the water of the Edwards limestone in the 
zone of good quality of water generally is above 200 parts per million. 
The dissolved-so~ids concentration in this zone generally ranges fro~ 
250 to 450 parts per million. 

The Topographic Division of the Geological Survey is now mapping the 
river divide between the Nueces and Guadalupe rivers. These maps will 
be available in February 1965 and the Survey will make new determ!na
tions of drainage areas for the Frio, Sabinal, Medina, and Guadalupe 
river basins. The new drainage areas probably will be required for 
your use in the final studies of flood-control design and will be 
supplied to you when available. 

-2-
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Vol. II, page II-41 contains a statement on the history of the 
collection of basic data in the Nueces River basin. This statement 
is in error and should be corrected to show that the Geological 
Survey, and not the Texas Water Commission, started and has continued 
all the systematic stream and ground-water investigations in the 
report area. The publication "A History of the Water Resources 
Branch of the U. S. Geological Survey to June 30, 1919" states the 
following: 

"Texas.-In the fall of 1898, Babb, while on a western 
trip, stopped at Austin to inspect the Austin dam and met 
Prof. Thomas U. Taylor of The University of Texas. Taylor 
was interested in Texas rivers and had made so~e miscel
laneous measurements. The result of this meeting was 
Taylor's appointment as resident hydrographer for Texas. 
So strong was public interest in stream gaging that the 
establishment of one station Taylor was escorted to the site 
by a large contingent of citizens (although perhaps lacking 
the proverbial brass band) who watched with awe the process 
of measurement. When told that the meter used was an 
electric one, their faith in its accuracy was unbounded, as 
to them the term "electric" signified marvelous qualities. 

Because of the flashy character of Texas streams, it was 
difficult to obtain high-water measurements. When the 
hydrographer succeeded in reaching a station in flood, 
he would remain for several days making measurements as 
the river fell. ~ this practice, only, was it possible 
to complete the rating curve for the station." 

Water-Supply Paper 50, pages 332-346 contain basic data on streamflow 
investigations conducted by the Geological Survey from 1896 to 1899. 

The U. S. Geological Survey entered into a cooperative agreement with 
the Texas Board of Water Engineers (noH Texas Water Commission) soon 
after it was created. This program has continued to date with the 
Geological Survey operating all of the regular surface-water investi
gations and most of the ground-water and quality of water investiga
tions. 

The basic data investigation programs conducted in the past have been 
primarily for the planning of water-development and water-use'projects. 
The Corps of Engineers• recommended program on the Edwards Underground 
Reservoir contemplates the optimum development of the water resources 
of that region. Under optimum development, it is essential that 
basic hydrologic data be collected to evaluate the degree to which 
the proposed development fulfills the anticipated benefits, and also 

-3-

VII-25 



to obtain additional data for modifying or improving the projects 
after they have been operated under the new conditions. A high 
degree of accuracy in the collection of such data is required. 

The Geological Survey Water Resources Division, Texas District 
offices, wish to be kept informed as to advancements of the Corps 
of Engineers' developments. Such information will assist these 
offices in modifying or expanding their water resources study programs 
as funds are made available to meet planning· and operational needs 
of the Corps and others operating in the basin. The Geological · 
Survey will cooperate with the Corps and others in planning and 
developing essential hydraulic programs to perfect and operate 
the comprehensive water plans of the Edwards basin of Texas. 

The draft copy (Serial No. 97) of the Report is being returned 
under separate cover. Please furnish me a copy of the final report 
when available. 

cc: 

~ru~te 
~o~~icial o~ 

the Geological Survey 

Douglas R. Woodward, USGS, Washington, D.C. 
S. K. Jackson, Area Hydrologist, Denver, Colo. 
A. G. Winslow, GW, Austin, Tex. 
C. H. Hembree, QW, Austin, Tex. 

-4-
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U. S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORPS OF ENGINEERS 

AODRI:S& REPLY TO• 

DISTRICT I:NGINI:I:R 
U. &. ARNY I:NGINI:I:A Ol&fRICT. P'OAT WORTH 
P.o. uo• 11100 
f'ORT WORTH, T&XA& 

IN RIPLY REP'ER TO 

SWFGP 

Mr. Trigg Twichell 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4. TEXAS 

Contact Official of the Geological Survey 
Southwest Field Committee, Region Six 
Geological Survey ' 
u. s. Department of the Interior 
807 Brazos Street 
Austin, Texas 78701 

Dear Mr. Twichell: 
: 

17 March 1965 

This is in reply to your letter of 25 January 1965 containing 
comments on our "Survey Report on Edwards Underground Reservoir, 
Guadal~~e, San Antonio and Nueces R1 vera and Tri butarie~ , .. Texas." 

We will revise our report to include a statement that appro
priate instrumentation for the study of ground-water aquifers and 
surface water quality will also be considered for inclusion in the 
hydrologic network in connec~ion with preconstruction planning as 
suggested in your letter.. It is noted that in the past, we have 
coordinated expansion and installation of 'hydrologic network gages in 
cooperation with the Geological Survey. We will continue ~his policy 
in the future in line with the B~au of the Budget Circular No. A-67 
dated 28 August 19C)4o 

We will revise the statement on page II-41 to show that the 
Geological. Sur{ey started and has continued all systematic: stream 
and ground-water investigations in the report as you suggested. The 
information with reference to the installation of the Cinonia and 
Derby stream gages by the Texas Water Commission was taken from 
station description published in Water Supply Paper No. 408. ·' 

The reference to dissolved-solids concentration in the zone of 
good quality of water in the Edwards Reservoir was in error and will 
be corrected. 
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SWFGP 17 M:l.rch 1965 
Mr. Trigg Twichell 

The comments contained in your letter with re~rd to the sub
ject report are appreciated. 

Sincerely yours, 

./,; \ 

~I ·'dt,;,! ~ ~ 
F. P. KOISCH 
Colonel, CE 
District Engineer 
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IN REPLY REFER TO: 

L7423 

AIRMA.IL 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

NATIONAL PARK SERVICE 

Southwest Region 
Santa Fe, New Mexico 87501 

IAf~ ._- _-, lEtt) 

F. P. Koisch, Colonel, CE 
District Engineer 
u. s. Army Engineer District 
Corps of Engineers 
100 Vest Vickery Boulevard 
Fort Worth, Texas 

Dear Sir: 

Thank you for the opportunity of reviewing the draft copy of your 
"Survey Report on Edwards Underground Reservoir, Guadalupe, San 
Antonio and Nuecea Rivera and Tributaries, Texas" dated December 
1964, enclosed in your letter of 24 December 1964 (SWFGP). 

Of especial interest to us is your planning for recreation, as 
developed in the Main Report and in more detail in Appendix VI. 
It appears that you have given the many facets of that subject 
careful study. In particular, it is noted that you have recog• 
nized the recreational value of the unique scenic feature to 
be created in the Concan and Sabinal Reservoirs when floodwaters 
are released to recharge the Edwards Underground Reservoir. 

You mention that the operation of Concan Reservoir for its flood 
control function will, in its upper reaches, affect to a small 
degree some of the development at Garner State Park, and that 
some relocation and protective works to existing facilities 
may be necessary. It would appear that this potential project 
function could substantially damage the popular state park 
unless the remedial measures are carefully and cooperatively 
worked out. No doubt you already have, or will in the detail 
planning for the Concan unit work out solutions jointly with 
the Texas Parks and Wildlife Commission. 
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It will be appreciated if, after authorization of the project, you 
will notify this office well in advance of construction, so that 
we may program the site surveys and excavations required in the 
Archeological Salvage program. 

The three volUJaes of the Survey Report draft are being returned 
under separate cover. 

W. 
G orge W. Miller 
cting Regional Director 

Enclosure 
Under separate cover: 
Survey Report draft - 3 volumes 
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IN REPI.Y 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

REFER TO: 5-730 

REGIONAl. OFFICE. REGION 5 

P.O. BOX 1609 

AMARII.l.O. TEXAS 

Colonel F. P. Koisch 
District Engineer 
u. s. Army Engineer District, Fort Worth 
P. o. Box 1600 
Fort Worth, Texas 76101 

Dear Colonel Koisch: 

This is in reply to your letter of December 24, 1964, file S\'lFGP, 
transmitting a draft copy of "Survey Report on Edwards Underground 
Reservoir, Guadalupe, San Antonio, and Nueces Rivers and Tributar
ies, Texas," for revie\'1 and comment. 

Our comments on the report are as follows: 

Control of \'lithdrawals from the aquifer is necessary 
before the recharge plan can assure any increase in dependable 
aquifer yield. Without controls, excessive pumpage may reduce 
the content of the aquifer to the minimum safe level prior to or 
early in a drought period. The safe yield during the remainder 
of the drought would then be limited to the small drought period 
recharge, which \'lould not be increased by the proposed project. 
This is pointed out in the report. Control of \d thdrawals does 
not exist at present and may not be obtainable. Nothing in Texas 
legislative history lends any hope for growtd water laws. Even if 
control of wi thdrm'lals is obtained, the increase in the safe yield 
of the aquifer for pumping that would be provided by the recharge 
reservoirs would be modest and the unit cost relatively high. 

The analysis presented in paragraph 162 assumes that sur
plus Guadalup!'! water is not available to the San Antonio Basin, 
while the analysis in paragraph 163 assumes that surplus Guadalupe 
\'later (including Canyon yield) is available to the San Antonio Basin. 
However, the latter analysis indicates that the increase in water 
supply shown therein over that indicated in paragraph 162 is entirely 
due to Dam No. 7 and Cloptin Crossing Reservoirs. The analysis also 
makes no allowance for bypasses of Canyon and Cloptin Crossing infl0\'1 
to water rights dO\mstream from the area of study •. 
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Paragraph 167 does not present a complete picture of 
the effect of the project upon downstream \'.'ater supply. The plan 
of operation and recharge analysis for Montell Heservoir appears 
to make no provision for bypasses to channel dams and irrigators 
below Uvalde. During years of adequate streamflm<~ the Zavala
Dimmit County \',"ater Control and Improvement District No. 1, and 
other irrigation systems have diverted a large volume of \'later 
from the Nueces River. A considerable portion of their historic 
h'ater usc is believed to have been derived from runoff occurrint~ 
at the ~lontell site. The report of the U. s. Study Commission, 
Part III, pages 197-204, contains some information on this irri
gation. Volwne 1 of the Nueces River ~~aster Plan Study (Freese 
and Nichols, 1958) lists some of the irrigation water rights in 
this area and data on historic water use on pages 16-18. Page 29 
of Volume 1 of the Texas Board of Water Engineers Bulletin No.5608 
describes a possible mechanism whereby a portion of the floodfloN 
of the Nueces has been transformed into base flo\\' of use to irri
gators below Uvalde. 

It is true that the larger size for Dam 7 and Cloptin 
Crossine proposed in this report as compared to the master plan 
would not result in further reductions in the yield of Cuero Reser
voir. llO\'Iever, the report fails to state that Cloptin Crossing at 
either the report size or the master plan size will reduce the yield 
of Cuero Reservoir. A considerable portion of the yield claimed for 
Cloptin Crossing \'IOuld be at the expense of yield at Cuero. Also, 
no mention was made of the effect that storing all inflO\.,. at Cloptin 
Crossing would have on existing water rights do\'lnstream from the 
area of study. 

Paragraph 200 states that " ••• the additional streamflow 
\iould enhance the yield of the Cuero Project •••• " Figure 25 indi
cates that fo1· n rc1:cti tion of historic \'leather conditions, the 
;:ddi tiona! springflo\oJ \o:ould increase Cuero spills during "et years, 
but \'/ould not increase Cuero yield during the 1947-1956 critical 
period. 

Table 12 lists the allocated cost of recharged water at 
7.6 cents per 1,000 gallons for Hontell Reservoir, 6.9 cents for 
Concan Reservoir, and 8.4 cents for Sabinal Reservoir. As pointed 
out in paragraph 156, only 45 percent of the increased recharge would 
result in an increase in the safe yield of the aquifer for pumping 
(assuming control of withdrawals). Therefore, the cost of the poten
tial increase in safe yield for pumping would be 15 cents to 19 cents 
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per 1000 gallons. At Montell Reservoir, the analysis does not 
make provision for bypasses to existing irrigation in the Winter 
Garden area. Allowance for such bypasses would cause a substantial 
reduction in the recharge and a substantial increase in the unit 
cost of recharge. 

TI1e opportunity to review your report is appreciated. Tile draft 
copy of the report, Serial No. 95, is being returned as requested. 
Please furnish this office, and our Austin Development Office, one 
copy each of the final report. 

Sincerely yours, 

Director 

Enclosure 

3 
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U. S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORPS OF ENGINEERS 

ADDRESS lti:PLY TO• 

DISTRICT ENGINEER 
U.S. AltNY ENGINEER DISTRICT, P"ORT WORTH 
P. O, UOX UIOO 
P"ORT WORTH. TEXAS 

IN REPLY REI'EA TO 

SWFGP 

Mr. Leon W. Hill 
Regional Director 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4, TEXAS 

Bureau of Reclamation, Region 5 
u. S, Department of the Interior 
P. o. :Box 1609 
Amarillo, Texas 

Dear Mr. Hill: 

22 March 1965 

This is in reply to your letter of 29 January 1965, contain
ing comments on our "Survey Report on Edwards Underground Reservoir, 
Guadalupe, San Antonio and Nueces Rivers, and Tributaries,· Texas." 

A net average annual increase in resources of approximately 
68,200 acre-feet could be developed by the construction and 
operation of the three recharge reservoirs as proposed in the 
report. The control of withdrawals is an essential part of the 
plan for the preservation of the underground reservoir, whether 
through law or cooperation between the major water interests. When 
considering the available resources of the area, the losses that 
would occur if the water were stored in surface reservoirs and the 
cost of conducting the water by pipeline to the areas of need, the 
net yield developed by the proposed plan is relatively high and its 
cost is reasonable. 

The analysis presented in paragraph 162 is intended to show the 
anticipated fUture water situation in the Edwards Underground 
Reservoir area within the Nueces and San Antonio River Basins. The 
analysis presented in paragraph 163 represents the anticipated fUture 
water situation in the entire Edwards area with the full plan of 
development considered to be economically feasible at this time. 
This will be clarified in the final report. 

Regarding downstream water rights and needs, fUll consideration 
was given to the master plans of other agencies for development of 
water resources within the area of influence of the Edwards 
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SWFGP 22 March 1965 
Mr. ~on W. Hill 

Underground Reservoir. Since projected water demands far exceed the 
available water resources of the area, first consideration was given 
to the replenishment and preservation of the area's primary water 
resource. Additional comprehensive basin studies, not provided for 
by Public Law 86-645, w~ll be required to determine what additional 
measures can be taken to supply the remaining water needs of the 
three basins. 

The Cloptin Crossing Reservoir is an essential part of any plan 
for the development of the water resources of the Guadalupe River 
Basin. Its flood control potential is extremely good. It would be 
cheaper to develop the water resources as part of the multiple
purpose project to meet a portion of the large water demand in the 
Edwards Reservoir area rather than convey the water upstream from 
some downstream project. The construction of any reservoir upstream 
from the CUero Reservoir will affect its storage-yield relationship. 
However, development of the multiple-purpose Cloptin Crossing 
Reservoir would reduce flood-control storage requirements in CUero 
Reservoir with a consequent reduction in the cost of that project, 
or by reallocating storage in CUero Reservoir, the basin yield 
could be further increased. 

Paragraph 200 will be revised concerning the effect of the 
increased springflow on the water resources of the Cuero project. 

As previously stated, the quantity of the increased resources 
developed by the recharge reservoirs which could be made available 
for pumping depends entirely on the operating level in the underground 
reservoir. However, if the plan were adopted to limit the pumping to 
avert drawing the level of water in the aquifer below the historic 
low reached in 1956, there would be a substantial increase in spring
flow. It is assumed that in future years the springflow from the 
Edwards Underground Reservoir will be in such great demand that 
facilities will be installed by local interests to fully utilize the 
increased flow. Fbr this reason we have considered 100 percent 
recovery of the increased quantity of recharge water. However, the 
same value bas not been placed on the quantity of water available 
for pumping and the quantity expected to be discharged from the 
various major springs in the region. 

Your review of the report and comments are appreciated. 

Sincerely yours, 

_.Ill~ 
F. P. KOISCH 
Colonel, CE 
District Engineer 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF MINES 

Office of 
AREA DIRECTOR 

Colonel F. P. Koisch 
District Engineer 

AREA IV 
Mineral Resource Office 

U.S. Army Engineer District, Fort Worth 
P.O. Box 1600 
Fort Worth, Tex. 76101 

Dear Colonel Koisch: 

ROOM 204 FEDERAL BUILDING 

BARTLESVILLE, OKLAHOMA 74004 

April 2, 1965 

Refer to: SWFGP 

This office of the Bureau of Mines has now completed our review of the 
Corps of Engineers draft copy (Serial No. 90) of 11Survey Report on Edwards 
Underground Reservoir, Guadalupe, San Antonio and Nueces Rivers and 
Tributaries, Texas", dated December 1964. This review was made with 
respect to mineral involvement. 

The report shows that the Edwards Underground Reservoir is a segment of 
a limestone aquifer that stretches about 250 miles from Austin westward 
to Comstock. It lies in the Balcones Fault Zone, a zone of major fault
ing that separates two physiographic provinces known as the Edwards Plateau 
to the northwest and the Gulf Coastal Plain to the southeast. The Edwards 
Plateau, covering 6,400 square miles north of the Balcones escarpment, is 
the water drainage area for supplying the Edwards limestone aquifer. 

Water supply from the Edwards Plateau for charging the Edwards Underground 
Reservoir normally is provided by streams that cross the storage area. 
However, the plan to provide more adequate water supplies to recharge this 
underground reservoir calls for construction of five surface reservoirs. 
These are as follows: 

1. Montell Reservoir.--This reservoir is on the Nueces River, Uvalde County, 
and will cover 10,180 acres at a maximum water surface elevation of 1,366 feet. 

2. Sabinal Reservoir.--This reservoir is on the Sabinal River, Uvalde County, 
and will cover 3;860 acres at a maximum water surface elevation of.l,238.8 
feet. 

3. Concan Reservoir.--This reservoir is on the Frio River, Uvalde County, 
and will cover 5,690 acres at a maximum water surface elevation of 1,394.2 
feet. 

VII-36 



4. Cloptin Crossing Reservoir.--This reservoir is on the Blanco River, 
Hays County, and will cover 9,600 acres at a maximum water surface 
elevation of 1,017.5 feet. 

5. Dam No. 7 Reservoir.--This reservoir is on the Guadalupe River, 
Kendall County, and will have a maximum water surface at elevation 1,247 
feet. 

The purpose of the proposed overall plan is to meet municipal, industrial, 
military (bases), thermal power, and irrigation water demands of the 
Edwards Underground Reservoir to the year 2000. 

Mineral Resources.--In 1963, the output of minerals from 12 counties in 
the three river basins (Vol. I, plate 5) included in the project plan 
consisted of petroleum, natural gas, sand and gravel, stone, lime, cement, 
asphalt rock, and clays, valued at $27.6 million. Of this total, mineral 
output in Uvalde, Hays, and Kendall Counties (locations of the five surface 
reservoir sites) consisted of sand and gravel, asphalt rock, and basalt, 
valued at $2.8 million. 

In the Corps of Engineers economic study, the projection of total value 
of mineral production on page V-89 appears to be optimistic for the study 
area indicated in the report. This projection shows that the value, in 
1960 prices, will rise from $405 million in 1960 to $2.4 billion in the 
year 2025, an increase of sixfold. Crude oil, natural gas, and natural gas 
liquids supplied over 77 percent of the total value of mineral production 
in the study area in 1960. It is very doubtful that enough new oil and gas 
reserves will be found to support the projected increase in total value of 
mineral production. 

Concerning employment, the report shows on page V-35 that estimated 
employment in the mining industry will increase from 12,000 in 1960 to 
16,000 in the year 2025. This gain appears a little conservative in 
view of the rapid increase in the mineral production value that has been 
projected. 

No field examination was made. 

The review of available information in this office indicates that the 
proposed Edwards Underground Reservoir will have no adverse effect on 
mineral resource development in the area. Therefore, the Area· IV Mineral 
Resource Office, Bureau of Mines, has no objection to the work plan, but 
recommends that a field investigation and report by petroleum and mining 
engineers be made prior to construction planning. 

2 
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Area Director 



COMMISSIONERS 

.1\.'tt l' '"Ah:fl tl 'h41NMAf'irf 

0 r l'IIIIT 

II A t•r.:t.WlTH 

SAM HOUSTON 
,;tAT£ OFFI<:E BUILDING 

AHFA ~·oot !>12 

t.#~tth\\OOU 5-45l4 

Colonel F. P. Koisch 
District Engineer 
Corps of Engineers, u.s. Army 
100 West Vickery Boulevard 
Fort Worth, Texas 

Dear Colonel Koisch: 

P. 0. OOX 12::111 
CAPITOL STATION 

AUSTIN. TEXAS. 78711 

February 3, 1965 

JOHN J. VANOERTULIP 
CHII,. ENGINI:I:R 

C. A. BASKIN 
ASO'T. CHII:,. ENGI .. II:A 

BURREL ROWE 
CH ~~~ EliAOUNER 

AUDREY STAANOTMAN 
SICRilTARY 

Your letter of December 24, 1964, transmitted copies of your three-volume 
report titled "Survey Report on Edwards Underground Reservoir, Guadalupe, San 
Antonio and Nueces Rivers and Tributaries, Texas." Subsequently, I transmitted 
a full copy of the report to the Texas Highway Department and the Texas Parks 
and Wildlife Department. Copies of the comments of those agencies are attached 
hereto. 

The Corps of Engineers are to be commended for the excellent treatment of a 
very complex hydrologic problem. The use of available material, together With 
programs carried out during your investigation to obtain additional information, 
reflects a very thorough analysis. 

Stream discharge information for the Frio and Sabinal Rivers reflects, in 
part, the intake capacity of the formation under unregulated conditions. How
ever, it is possible that the formation may, not be capable of sustained high 
intake rates over an extended period. Adjustments for any such differences in 
intake rates which occur should the projects be constructed, could be made by 
reducing reservoir discharges to the intake capacity of the formation. 

lt is suggested that Recommendation C, page 193, have the wotds "designated 
by the State of Texas11 inserted after the phase "responsible local interests, 11 

and that Recommendation C.(2), page 194 have the word 'bbtain11 substituted for 
the word "provide." 

Should the projects recommended in this report be authorized, local interests 
and/or the State may desire during pre-construction planning to consider modifi
cations of the projects as described in the report. lt is our understanding that 
any modifications which appear appropriate at that time can be accomplished as 
a part of the preconstruction planning. 

The opportunity to review the report is appreciated. 

Attachments (2) 

incerely .)'ours,... ..-. ·t;t. • 
---m~V11N\,;"(..]-~ /ICtJu./.~~ 

n J. V~dertulip l 
h:i.ef Engineer 
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COIBIIIIION 

ITATI HIOHW"Y IHOUtlll 

D.C,QAEEA 
Hlllllf (, flfU, U., CHAIINAN 
ItA\ WOOOWAIO 
J. H. IULIGIN 

TEXAS HIGHWAY DEPARTMENT 
AUSTIN, TE:XAII 78701 

February 2, 1965 

Mr. Joe D. Carter, Chairman 
Texas t·Tater Conu:nission 
P. o. Box 12311 
Capitol Station 
Austin, Texas 78711 

Dear Mr. Carter: 

IN REPLY REfER TO 
fiLl NO. D-5 

In accordance with your request by letter dated December 30, 
1964, we have reviewed the report by the u. s. Corps of Engineers 
titled 11Survey Report on Edwards Underground Reservoir". ~/e have 
examined the proposed project in the light of its effect upon our 
highway system for both existing highways and planning for the 
immediate future. 

Based upon the maps included in the report, it is our belief 
that the report, in general, contains both appropriate language 
and adequate provisions in the estimated costs to promote orderly 
development of the proposed project and the related highway 
relocations. It is contemplated that adjustments in costs of 
relocations may be necessitated when final planning has developed. 

Your courtesy in making the report available for our review and 
comments is appreciated. 

Yours truly, 

D. c. Greer 
State P~ghway Engineer 

By:{f¥/e~~-~-.Z 
Cl,Y.(!e F. ~l~s 
Bridge Engineer 
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WILL E. ODOM 
CH41NMAN, AUIITIN 

A. W. MDURSUND 

PARKS AND WILDLIFE DEPARTMENT 
J. WELDON WATSON 

lliiiCUTIYI OIIIICTOA 

MIMIIIII. JOHNIION CITY 

JAMES M. DELLINOER 

JOHN H. REAGAN BUILDING 
AUSTIN, TEXAS 78701 

January 14, 1965 

Mr. John J. Vandertulip 
Chief Engineer 
Texas Water Commission 
Box 12311, Capitol Station 
Austin, Texas 78711 

Dear Mr. Vandertulip: 

illi ~@ ~ G ~; ~ !_ID 
JAN 15 1965 

TEXAS Wi1TER COMMISSION 
AUSTIN, TI:XAS 

Pursuant to your request submitted by letter of December 
30,. 1964 this Department has reviewed the 3-volume report of 
the Corps of Engineers• titled "Survey Report on Edwards 
Underground Reservoir." 

The section to be supplied by the Bureau of Sport Fisheries 
and Wildlife, Fish and Wildlife Service, as part of Volume 3, 
Appendix VI, bas been developed with the cooperation of this 
Department. I have just recently concurred with the Bureau's 
report and it will contain specific recommendations in regard to 
the conservation, improvement and development of fish and wild
life resources. 

Due to the lack of specific data on the effects of this project 
on both fish and wildlife in ~his report, our review has been one of 
a generalti..ature. We have no specific comments to add and con
cur with the report as submitted. 

Your cooperation in making the report available for our 
review is appreciated. 

Sincerely yours, 

~~tics 
JWWrAJS:lf 
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U.S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORPS OF ENGINEERS 

ADDRESS RII:I'LY YOo 

DISTRICT ENGINEER • 
U.S. AIINY ENGINEEII PISTAICT. f'OAT WORTH 
l'.o.aox 1100 
FORT WOIITH. TEXAS 

IN AEI'LY Al:f'EA TO 

SWFGP 

Mr. John J. Vandertulip 
Chief Engineer 
Texas Water Commission 
P. o. Box 12311 
Ce.pitol station 
Austin, Texas 78711 

Dea.r Mr. Vandertulip: 

100 WEST VICKERY BOULEVARD 

FORT WORTH 4. TEXAS 

17 Mu-ch 1965 

This is in reply to your letter dated 3 February 1965 con-
" taining your comments on our Survey Report on Edwards 

Underground Reservoir, Guadalupe, San Antonio and Nueces Rivers 
and Tributaries 1 Texas." Copies of letters from the Texas 
Highway Department and the Texas Parks and Wildlife Department 
containing their comments on the report were inclosed with your 
letter. 

In the event the State or local interests should desire 
modification to the development or operation of the reservoir 
projects as proposed in the report, further studies will be made 
during preconstruction planning. 

The section of the report containing the recommendations 
will be revised in accordance with your comments. 

Your review of the report and comments are appreciated. 

Sincerely yours 1 

lt!~d 
F. P. KOISCH 
Colonel, CE 
District Engineer 
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EDWARDS UNDERGROUND WATER DISTRICT 
1619 TOWER LIFE BLDG. PHONE: CAPITOL 2·2871 

SAN ANTONIO. TEXAS 78206 

March 23, 1965 

The District Engineer 
U. S. Army Engineer District, Ft. Worth 
P. 0. Box 1600 
Ft. Worth, Texas 

Dear Colonel Koisch: 

This is in response to your request regarding 
the items of local cooperation to be furnished the 
United States in connection with the four reservoir 
projects included in the proposed plan of improve
ment for the Edwards Underground Reservoir area. 

In signing the cooperative report, the 
Edwards Underground Water District expresses its 
full approval of the proposed plan of improvement 
for comprehensive development of the water resources 
of the Edwards area. 

However, due to the fact that the State is now 
developing a statewide water plan, it is believed 
that proposals made should be integrated into the 
State plan. The Edwards Underground Water District 
will endeavor to provide the necessary local coopera
tion to assure the comprehensive development of the 
Edwards Reservoir. 

Sincerely yours, 
. 

. I .·"' ~I. 
/ ' ' I I • 

/"{1i.A t {. t L · ··'' i :i;_ - •- • / 
·._,./Paul w. Jahn/.thairman ~ 

PWJ:jc 
encs. 
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SAN ANTONIO RIVER AUTHORITY 
CApitol 7·1373 
.00 Three A Life Building 
San Antonia 5, Te•o• 

February 10, 1965 

Honorable Paul W. Jahn, Chairman, and 
Members of the Board of Directors 

Edwards Underground Water District 
Tower Life Building 
San Antonio, Texas 78205 

........ · ........ 
Re: Survey Report ~ Edwards 

Underground Reservoir 

Gentlemen: 

At the outset permit us to congratulate you on the completion 
of subject Survey Report. The data contained in this report 
is a significant contribution to the area's knowledge of this 
invaluable natural resource. 

This Authority's comments concerning the Survey Report are as 
follows: 

1. The report assumes that the level of the Edwards aquifer 
should not be reduced below the historical low of 1956, 
elevation 612.5. Th1s Authority does not believe that any
one can, with certainty, guarantee what would occur if the 
level of the Edwards is drawn below elevation 612.5. On 
the one hand, water in the Edwards might not be affected at 
all. On the other hand, sulfurous waters adjacent to the 
so-called "good-bad" water line might encroach into and 
pollute all or a part of the aquifer. Certainly this 
invaluable supply cannot be risked. Water users dependent 
upon it cannot be placed in jeopardy. We do know, however, 
that water in the Edwards is the cheapest that will ever be 
available in the area. Therefore, feasibility of drawing 
the level of the Edwards below elevation 612.5 should be 
further investigated but the aquifer should not be mined 
below .this elevation until s'upplemental surface water supplies 
are available to the area or until such investigations would 
clearly demonstrate that drawing the Edwards to a ·lower · 
elevation is entirely safe. 

2. The report points up the urgent necessity for developing all 
of the area's sources of surface water so that water uc.~rs 
in the area will be adequately protected. 

3. The report proposes that water 
Sabinal Reservoirs be released 
aquifer during drought years. 
occur under two conditions: 

stored in Mantell, Concan and 
so as to flow into the Edwards 
This artificial recharge could 
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Honorable Paul W. Jahn, Chairman, and 
Members of the Board of Directors 

Edwards Underground Water District 
February 10, 1965 Page 2 

a. No draw-down below elevation 612.5. If the level of the 
Edwards is kept at or above elevation 612.5, a recharge 
of 57 MGD (63,900 AF/Yr) would occur. Of this amount, 
31 .MGD would flow out of the aquifer at the springs at 
San Marcos and New Braunfels. Only 26 MGD would be 
available for well pumping. The cost of this 26 MGD is 
estimated to be 16.75i per lOOO·gallons. 

From the standpoint of over-all benefits, the full 57 MGD 
would be available somewhere in the acquifer or as 
springflow at an estimated cost of 7. 64t per 1000 gallons, 
under which circumstances the.re will be a problem of 
relating this cost to those who benefit from this 
additional water. 

b. Unlimited draw-down. If no limitations are placed on the 
level to which water in the aquifer can be drawn down, 
the recharge of 57 MGD would be available for well pumping. 
The cost of this 57 MGD is estimated to be 7.64i per 1000 
gallons. If only 47.5 MGD (or 53,224 AF/Yr) of the 57 MGD 
total recharge could be intercepted by wells, the cost of 
this 47.5 MGD is estimated to be 9i per 1000 gallons. 

In order to balance the equities of those in the area dependent 
either upon spring-flow or upon water pumped directly from the 
aquifer, it seems that an equitable regulation of the level of 
the aquifer could be achieved through regulation of both 
artificial recharge and of pumping withdrawals. Such a system 
of regulation during drought periods would protect municipal 
water users, who should have first priority on water in the 
Edwards. 

The Edwards Underground Water District is the proper agency 
to carry out such a program of regulation. 

4. We wish to call your attention to the agreement of May 15, 1963 
between this Authority aQd the· Guadalupe-Blanco River Authority, 
which recognizes that the total annual yield of reservoirs 
upstream from the proposed Cuero Project would be 135,550 acre
feet. More specifically, the agreement contemplat€'s that the 
proposed Cloptin Crossing Project would have an annual yield 
of 33,360 acre-feet. The development of a site above Canyon 
Dam and Reservoir would be governed by the amount of !eakage, 
if any, from Canyon. It will take several years to determine 
the amount of this leakage. This determination would be made 
under the provisions of Article 4 of the Contract, Conservation 
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Honorable Paul W. Jahn, Chairman, and 
Members of the Board of Directors 

Edwards Underground Water District 
February 10, 1965 Page 3 

Storage, Canyon Dam and Reservoir, of September 20, 1957 
between the United States of America and rh~ Guadal~pe
Blanco River Authority. 

We appr~ciate your courtesy in tequesting the conunents of this 
Authority. 

Yours very truly, 

SAN AN10NIO RIVER AUTHORITY 

By:flft#£s~ 
Chairman of the Board 

MCG:bw 
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GUADALUPE-BLANCO RIVER AUTHORITY 
P. o. Box 832 
Seguin, Texas 

January 22, 1965 

Colonel McDonald D. Weinert, General Manager 
Edwards Underground Water Dist. 
1619 Tower Life Building 
San Antonio, Texas 78205 

Dear Colonel Weinert: 

This will acknowledge receipt on January 14, 1965, of the pre
liminary copy of the Corps of Engineers' survey report on the Edwards 
Underground Reservoir which was accompanied by copy of the Corps' 
letter of transmittal dated 24 December 1964. You requested in your 
note on the letter of transmittal from the Corps that I furnish you, 
by January 23.9 1965, the views of the Guadalupe-Blanco RiYer Author! ty 
on this report • 

It is noted that the report was prepared in accordance with Sec
tion 209 of Public Law 86-645, 86th Congress, approved on July 14, 
1960. It is also noted that the authorizing legislation specifies that 
the report be made "in cooperation with appropriate agencies of the 
State of Texas," and that it be signed jointly by the Corps of Engineers 
and the appropriate representative of the Governor of Texas. It is 
further noted that the report is signed by Mr o Paul W. Jahn in behalf 
of the Edwards Underground Water District, and it is assumed from this 
that the Edwards Underground Water District is the sponsoring agency 
for the State of Texas. 

In connection with the authorized purpose of the study and report, 
it is believed that the pertinent language can be quoted from Public Law 
86-645 as follows: '\rith a view to devising effective means of accom
plishing the recharge and replenishment of the Edwards Underground Re
servoir." (*-see note on page 3.) 

It is noted j.n the report that f1 ve dams and reservoirs were 
studied as follows: 

l. o Mont ell Reservoir, on the Nueces R1 ver 
2. Concan Reservoir, on the Frio River 
3o Sabinal Reservoir, on the Sabinal River 
4. Cloptin Crossing Reservoir, on the Blanco River 
5· Dam No. 7 Reservoir, on the Guadalupe River 
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Of the surface reservoirs studied, four are recommended for immedi
ate authorization as Federal projects, namely: Mantell, Concan, Sabinal 
and Cloptin Crossing. Dam No. 7 Reservoir is recommended for construc
tion by local interests. 

The Guadalupe-Blanco River Authority has only a casual interest in 
the three reservoirs recommended on the Nueces, Frio and Sabinal Rivers, 
since these reservoirs are outside the boundaries of the Guadalupe
Blanco River Authority and have little or no effect upon the develop
ment of the water resources of the Guadalupe River am its tributaries. 
However, the Authority would like to point out that these reservoirs 
seem to be of doubtful economic justification in the interests of 
water conservation. We would interpret the present draf't of the report 
to require local contribution to these projects in excess of $42,000,000 
in the interests of water supply. In addition to these local contri
butions to the first cost of the projects, the local interests would be 
required to pay a very substantial part of the annual operating and 
maintenance charges on the three Federal projects. For this outlay of 
funds, the local interests, from the water supply standpoint, would be 
assured of 4,300 acre feet per year of surface water plus an estimated 
increase of 29,000 acre feet per year of safe withdrawal from the under
ground reservoir. This latter quantity of 29,000 acre feet, if realized, 
would be of general benefit to the area of the Edwards Underground 
Reservoir for w1 thdrawal from wells and for which no charges could be 
made by the sponsoring local agency under existing State law. It 
appears to the Guadalupe-Blanco River Authority that the cost of the 
insignificant amount of fim water supply to be created by the projects 
is unrealistic and certainly cannot be justified in the forseeable future. 
Alternate means are available for obtaining water in the area at sub
stantially lower cost, and should be investigated before binding com
mitments are made by local interests in the proposed three Federal 
reservoir projects. 

The Guadalupe-Blanco River Authority does have a real and continu
ing interest in the two reservoir projects known as Dam No. 7 on the 
Guadalupe River and Cloptin Crossing Dam on the Blanco River. It is 
apparent from the treatment of these projects in the report that they 
are not proposed for the primary purpose authorized for study by Public 
Law 86-645, i.e., "recharge and replenishment of the Edwards Underground 
Reservoir." It is also apparent that the report gives no considera
tion to existing water rights in its treatment of these two projects. 

Further, the Cloptin Crossing project as proposed in the prelimi
nary report is inconsistent with the Master Plan of the Guadalupe
Blanco River Authority. One great difference is in the amount of 
conservation storage. The Master Plan of the Guadalupe-Blanco River 

-2-
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Authority provides for conservation storage in the Cloptin Crossing 
Project to the extent of approximately 147,000 acre feet which would 
produce an annual yield, without reference to downstream water rights, 
of about 33,000 acre feet. Thus it can be seen that the additional 
conservation storage proposed in the Edwards Underground Reservoir report 
appears to be of questionable economic justification, producing only 
about 10,000 acre feet per year of additional yield from the additional 
128,000 acre feet of storage; a ratio of about 13 acre feet of storage 
to 1 acre foot of yield. (This compares with a ratio of approximately 
4-1/2 acre feet of storage to 1 acre foot of yield in the GBRA project.) 

The Guadalupe-Blanco River Authority believes that the Cloptin 
Crossing Project, when constructed to the optimum size and operated for 
the benefit of the Guadalupe Valley in conjunction with downstream 
rights, is a desirable and justified project. 

No further differences between the Edwards Underground Reservoir 
survey report and the GBRA Master. Plan will be discussed since the 
basic position of the Guadalupe-Blanco River Authority is that the 
inclusion of Dam No. 7 and Cloptin Crossing Dam in the report exceeds 
the authorization of Congress under which it was prepared. Accordingly, 
the Guadalupe Blanco River Authority protests their inclusion in the 
report and requests that the report be revised to eli.minate them in 
their entirety. 

Proper presentation of the Cloptin Crossing Project by the CorPS 
of Engineers should be made in a report dealing with the water supply 
and flood control problems of the Guadalupe River watershed and, if so 
presented, would have the full support of the Guadalupe-Blanco River 
Authority. 

I appreciate the opportunity given to the Guadalupe-Blanco River 
Authority to have its comments considered at this time and at field level. 

RIN/cf 

CC: Col. Frank P. Koisch 
Mr. John Vandertulip 

Very truly yours 1 

sjs Robert H. Vahrenkamp 

General Manager 

The following statement was added to the letter by Edwards Underground 
Water District: 
* - The Act authorizing the study states fUrther after the word 

"RESERVOIR," "as a part of plans for flood control and water 

conservation in the Nueces 1 San Antonio 1 and Guadalupe River Basins 

of Texas." 
-3-
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EDWARDS UNDERGROUND WAT.EJR DISTRICT 

1619 Tower Li~ Eldg. 

Mr. R. H. Vabrenkamp, General Manager 
Guadalupe-Elanco River Authority 
P. o. Eox 832 
Seguin, Texas 

Dear Mr. Vahrenk.amp: 

San Antoni.o, Texas 

February 1, 1965 

The authority under which the Edwards Undergrou.'"l.d Water 
District was created by an overwhelming vote of the taxpayers 
within the District, gives a mandate to the Eoard of Directors 
to conserve, protect and recharge the underground waters in 
the formations known as the Edwards limestone and associated 
formations. In order to get an intelligent answer as to 
what could be done to conserve, protect and recharge this 
natural reservoir which is recognized as being one of the 
finest of its kind in the United States, our District entered 
into a cooperative agreement with the u. S. Army Corps of 
Engineers for a complete and comprehensive study of the entire 
area. 

When a person is sick and ailing, his doctor usually 
sends him or her to a clinic for a comprehensive and complete 
diagnosis, for the entire body is given numerous tests, and 
not just one part of the body. 

So in order to find an intelligent answer to our request 
for a complete diagnosis, the Corps advised that all of the 
adjacent, and especially all contri.buting areas, woul.d have to 
be included for study and appraisal. 

It is interesting to note that tb.e Edwards underground 
reservoir has been, for over a hundred years in the history of 
our state, the most important contributing factor in the up
building of this part of Texas. 

The Comal and San Marcos Springs, which discharge from the 
Edwards Reservoir, are the big contributors to the firm flow 
of the Guadalupe River from here to the coast. Goliad, Victoria, 
Cuero, Gonzales and Seguin a.ll owe much to the firm flow of the 
Guadalupe River which was steadily maintained over the years by 
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these world famous springs. The vast irrigation farms in the 
lower reaches of the Guadalupe owe much to the flow of the 
Comal and San Marcos Springs. Many times in my lifetime have 
I seen the Guadalupe River dry above the junction of the Comal 
and Guadalupe Rivers. 

The Edwards Underground Reservoir was the contributing 
factor to the establishment of the vast military installations 
in and around San Antonio, contributing to the economy of 
hundreds of thousands of people living within several hundred 
miles radius of the city of San Antonio. 

The Comal and San Marcos Springs have gained world-wide 
publicity for their respective communities, New Braunfels and 
San Marcos, and have attracted and still do attract, hundreds 
of thousands of visitors each year to Landa Park in New 
Braunfels and the Aquarena Park in San Marcos. Ripley called 
the Comal River "The largest and smallest river in the world," 
largest by flow of fresh water, and smallest by reason of the 
fact that the springs and the mouth of the river are within 
the same city limits, and the river is only about two miles 
long. It is further interesting to note that the Comal Springs 
furnish the needed cooling waters for the Comal Electric Genera
tor Plant of 60,000 KW capacity. The revenue from this plant 
was the nucleus of financing for the GBRA, and thereby took 
care of the local i.nterest' s financing for the construction of 
the Canyon Dam on the Guadalupe River. Without this aid the 
Canyon Dam '-tould probably not be a reality as yet. 

The report of the U. S. Army Corps of Engineers is strictly 
in line with the policy of the Texas Water Commission, •... to 
explore fully and find ways and means for the optimum develop
ment of water resources in the area. 

The report, therefore, must include Dam No. 7 on the 
Guadalupe River and Cloptin Crossing Dam on tr~ Blanco River 
which structures would assure a large amount of additional con
servation storage which could be used for the protection of the 
precious Edwards underground reservoir. The Edwards Under
ground Water District recognizes that both Dam No. 7 on the 
Guadalupe River, and Cloptin Crossing Dam on the Blanco are 
a part of your Master Plan, and the District has no intention 
of taking any action in regard to these structures, but we feel 
that it is our duty to supply the inf'ormation contained in 
the report. 
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I would be unworthy of the trust placed in me by the voters 
of this District and the oath of office which I took, if I 
would recommend to the Corps of Engineers to delete the informa
tion on Dam No$ 1 and Cloptin Crossing from the report as you 
suggested in your letter to our Engineer-J.fanager, Col. McD. D. 
Weinert, under date of January 22, 1965. 

"To protect and preserve and find ways and means to re
charge this greatest of God's blessings, the Edwards Underground 
Reservoir, " this is the goal of our Edwards Underground Water 
District. We have pledged our full cooperation to all govern
mental agencies within the area willing to work toward this end. 

We hope we can count on your cooperation. 

Very truly yours, 

Paul W. Jahn, Chairman 
Board of Directors 
Edwards Underground Water Dist. 

VII-51 



ZAVALA-DIMMIT COUNTIES 
WATER IMPROVEMENT DISTRICT NO. 1 

CRYSTAL CITY, TEXAS 

March 2.5 ~ 196S 

Colonel McDonald D. Weinert 
. General Manager 
Edwards Underground Water District 
1619 Tower Life Building 
san Antonio 1 Texas 

Dear Colonel.: 

Your letter of the eighteenth or February was received 
on due time1 however s811le was mislaid and comes to light today. 

My District wants to reserve the right to be tree to 
either support or oppose the Montell project. 

No. 1 - Our plans for the developnent of the Nueces 
River and its tributaries sets up a series or Dams two or which 
were for the replentishment of ground waters. 

H. R. McNIEL 
DIRECTOR 

A. W. MARBURGER 
DIRECTOR 

No. 2 - All of the water on the Nueces proper is sorely' 
needed for Corpus Christi and the multiple uses upstream. 

No. 3 • If the Engineers are correct, on that a sub
stantial quantity of water originates above Montell tnc1 which 
would do no ham to down streams users it it was fed to the 
Edwards then it follows that this water should be available to 
the Reservoirs approved in the Master plan. 

We do not see tit1 at this time, to lend our sanction 
to this pr~ject. 

I hope that you health is good again. 
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ALVIN MORRIS, PRESIDENT r- CRYSTAL CITY, TEXAS 

CLARENCE MARTENS, 1ST. VICE PRESIDENT 

ALICE, TEXAS 

0, M. SHANNON, 2ND. VICE PRESIDENT 

PORTLAND, TEXAS 

DIRECTORS 

CLIFTON ANDERSON 
C"MPWOOD. TEXAS 

CLAUD GILMER 
ROCKSPRINGS. TEXAS 

LON C. HILL 
CORPUS CHRISTl. TEXAS 

FRANK JOSTES 
TYNAN. TEXAS 

M. L. GADDIS 
COTULL .... TIIXAS 

RAY M. KECK. JR. 
COTULL"· TIIX"S 

BRISCOE KING 
CORPUS CHRISTl. TEXAS 

FERD MEYER 
DEVINE. TIIXAS 

F. W. PULLIAM 
CRYST"L CITY. TEXAS 

RAMIRO R. RAMIREZ 
ALICE. TEXAS 

MELVIN ROWLAND 
UVALDE. TEXAS 

HARRY SCHULZ 
THREE RIVERS. TEXAG 

BEN M. SILVA 
CARRIZO SPRINGS. TEXAS 

LEROY W. SMITH 
S"N ANTONIO, TEXAS 

JOHN H. STAHL 
CARRIZO SPRINGS. TE;tAiil 

CHARLES H.TROELL 
PLE ... SANTON. TIIXAS 

J. BERNARD VINE 
DILLEY. TEXAS 

Nueces River Conservation and Reclamation District 

CRYSTAI:o~ll" ~ ~E~5 78839 

u. s. Anny Engineer District, Fort )·lorth, 
Corps of Engin~ers, Fort \iorth, Texas. 

Ech~aros Underground ·.~ater District, 
San Antonio, Texas. 

Gentlemen: 

JOE CARPER, SECRETARY.TREASURER 
UVALDE, TEXAS 

Herewith find comments of the Nueces River Conservation Pnd 

Reclamation District on your Surve,y Report on Edwards Undergrcund 

Reservoir, dated December 22, 1964. These comm~nts ~re confined 

to the proposed projects in the Nueces River Watershed and to the 

relationship of these projects to the District's f~ster Plan which 

has been approved l)y the Texas ·~later Conunission under the Act 

creating the District, Article 8280-115 of Vernon's Civil Statutes. 

This Act provides that, after approval of the plan, the Texas Water 

Commission, 11in Authorizing improvements to control the waters of, 

and/or in allocating the right to use waters from said Nueces River 

ani its tributaries shall substantially conform to, and effectually 

preserve the benefits of, the plan formulated by this district, ani 

said district shall have the right to enforce the observance of 

same by judicial decree. 11 

The Surve,y Report proposes three projects in ~he upper Nueces 

River Watershed above the Balcones Fault Zone, viz., the Montell 

Reservoir on the Nueces River, the Concan Reservoir on the Frio 

River, an:l. the Sabinal Reservoir on the Sabinal River. Pertinent 

data with reference to these projects are given by the table on tre 

following page. 
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Monte II Concan Sabinal 
Reservoir Reservoir Reservoir 
Pro feet Project Project 

Stream on Which Located: Nueces River Frio River Sabinal River 
Drainage Area: Square Miles 7U1 391 210 
Reservoir Capacity: Acre feet 

Conservation 1,000 
Recharge-Flood Control 239,300 141,200 89,100 
Siltation Allowance 12,000 7,800 4,200 
Total: Controlled Storage 252,300 149,000 93,300 

Annual Yield: Acre feet 
Avg Recharge to Edwards Res 26,600 21,500 15,800 
Safe Yield for Irrigation 4,300 
Total Average Yield 30,900 21,500 1S,8oo 

Rate of Recharge: CFS 1,000 750 500 
Estimated First Cost: 

Federal 
Flood Control ·$10,733,000 s 1,175,000 s 915,000 
Recharge 1,005,000 711,000 645,000 
Recreation 1,650,000 223,000 230,000 

Non-Federal 
Recharge 17,260,000 12,218,000 11,081,000 
Downstream 1,443,000 

Total first Cost $32,091,000 $14,327,006 $12,871,000 
Interest During Construction 2,437,000 895,000 603,000 
Total Investment $34,528,000 $15,222,000 $13,474,000 

Allocated Annual Charges: 
Flood Control $ 398,300 $ 54,800 $ 43,100 
Recharge 669,700 485,800 434,500 
Downstream Supply 78,000 
Recreation 75,500 12,900 13,000 
Total Annual Charges s. 1,221,500 $ 553,500 $ 490,600 

Allocated Water Cost: Per Ac Ft 
Recharge Water $25.18 $22.60 $27.50 
Downstream Supply $18.14 
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Under the Plan of Improvement, the Mantell Reservoir would contain a small 

permanent pool of 2, 200 acre-feet, consisting of 1 ,000 acre-feet of conservation storage 

and 1,200 acre-feet of sediment reserve. For this reason, part of the fint cost and of 

the annual charges for the Montell Reservoir have been allocated to "fish and wildlife" 

and are included in the foregoing table under "recreation". The planned Concan and 

Sabinal Reservoirs do not contain any permanent pool storage and no first costs nor annual 

charges have been allocated to "fish and wildlife" in the case of these latter reservoirs. 

The Survey Report apportions 5.5% of the costs and charges, allocated to recharge 

purposes, to the Federal Govemment on account of the use of water from the Edwards 

Underground Reservoir by military Installations. The annual charges to local interests 

for recharge water are therefore 5. 5% less than the amounts shown by the foregoing 

table, i.e., approximately as follows: Mantell Reservoir- $632,900 per annum; Concan 

Reservoir - $459,100 per annum; Sabinal Reservoir - $410,600 per annum. Such charges 

to local interests extend over a period of 100 years. Of the total recharge of 63,900 

acre-feet per year, the Survey Report estimates that 29,000 acre-feet per year, or 

45.4%, would be available for pumping from the Edwards Underground Reservoir, and 

34,900 acre-feet per year, or 54. 6%, would be discharged from the aquifer as spring 

flow, principally through the major springs. As compared with the allocated water cost 

per acre-foot shown for the total rec~arge ~the foregoing table, the allocated costs per 

acre-foot for the recharge available for pumping from the aquifer are: Mantell Reser

voir- $55.46; Concan Reservoir- $49.78; Sabinal Reservoir- $60.57. 
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The Survey Report allocates costs by the Separable Cost-Remaining Benefits 

Method. The Public Health Service determined a value or benefit of 13.6 cents per 

1000 gallons, or $44.30 per acre-foot, for the average annual recharge from the three 

reservoirs. This is the equivalent of a value or benefit of 30.0 (13.6/45.4%) cents per 

1000 gallons, or $97. 75 per acre-foot, for the recharge which would be made available 

for pumping from the aquifer. 

Based on our understanding of the Survey Report as set forth in the above analysis 

of the Monte II, Concan and Sabinal Reservoir Prefects, the Nueces Conservation and 

Reclamation District would like to comment as follows with reference to each of the three 

proiects: 

Mantell Reservoir 

Although the Mantell Reservoir is intended to serve the purpose of the Tom Nunn 

Nill Reservoir in the District's Master Plan, in addition to recharging the Edwards Under

ground Reservoir, the Mantell Reservoir does not conform, substantially, to the District's 

Master Plan. A fundamental difference is in the assumptions as to the run-off in the 

Nueces River which would be available for retention in the respective reservoirs. During 

a recurrence of the historical 1924-1962 run-off of the river, the proposed 240,300 acre

feet of conservation-recharge capacify In the Montell Reservoir would develop 100% of 

the run-off of the river and there would be no spillage from the reservoir for downstream 

impoundment and use. Under the District's Master Plan, the 50,000 acre-feet of con

servation storage in the Tom Nunn Hill Reservoir would retain approximately 30% of the 

run-off of the river and approximately 70% would be spilled for downstream impoundment 

(" and use. The Survey Report states that, if the September 1955 flood were disregarded, 
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construction of Mantell Reservoir in lieu of Tom Nunn Hill Reservoir would not have 

an adverse effect on the yield of the downstream Wesley Seale and Cotulla Reservoirs 

as presented in the Master Plan, and states, further, that the probability of the recur-

renee of a flood of the magnl tude of the September 1955 flood during some future 

critical drouth period is so remote that it should be disregarded in establishing the 

reservoir size or yield for the downstream proiects. 

Under the Plan of Improvement, 4,300 acre-feet per year would be delivered 

for downstream use from the Montell Reservoir, across the fault zone, to a point about 

8.5 miles above Tom Nunn Hill. The Montell Reservoir would also recharge the Ed-

wards Underground Reservoir to the extent of an average of 26,600 acre-feet per year 

of which some 45. 4%, or 12,100 acre-feet per year, would be available for pumpage 

from the aquifer. The Mantell Reservoir would therefore make available a maximum 

of an average of 16,400 (4,300 plus 12, 100) acre-feet per year for use in the upper 

Nueces River watershed. As shown by Figure 5, following page 70, of the Nueces 

River Moster Plan Study, a 200,000 acre·f~ot reservoir at the Tom Nunn Hill site would 

make approximately 37,000 acre-feet per year available for irrigation use in the 

Winter Garden Area on a 10% average deficit basis and still would have spilled an 

average of approximately 37-1/2% of the Nn-off of the river for downstream impound-

ment and use, 

It is apparent from the District's studies that a 200,000 acre-foot reservoir at 

the Tom Nunn Hill site would yield more water for beneficial use in the District, i.e., 

37,000 acre-feet per year for irrigation in the Winter Garden Area, than would be the 

case with the proposed 240,300 acre-foot reservoir, at the Mantell site, which would 
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yield 4,300 acre-feet per year for use in the Winter Garden Area and would make 

available an average of approximately 12,100 acre-feet of recharge water for pumping 

from the Edwards Underground Reservoir within and without the District. It appears, also, 

that such a reservoir at the Tom Nunn Hill site would not have much more effect on the 

downstream Cotulla and Wesley Seale Reservoirs than would be the case with the proposed 

Monte II Reservoir. For these reasons, the Nueces River Conservation and Reclamation 

District is not willing to seek a modification of its Master Plan in order to accommoclate 

the Monte II Reservoir as proposed in the Survey Report. 

Concan Reservoir 

The Concan Reservoir with a capacity of 149,000 acre-feet, as proposed in the 

Survey Report, substantially conforms to the District's Master Plan which includes 147,000 

acre-feet of capacity at the Concan site. Neither plan includes any ?Grmanent pool 

storage. By reason of the recreation and other benefits, Uvalde County is desirous of 

maintainin~ a permanent pool in the Concan Reservoir of 10,000 acre-feet capacity which 

would Include a portion of the required silt storage in the reservoir. Uvalde County has 

secured a permit from the Texas Water Commission for such 10,000 acre-feet of conserva-

tion storage In the Concan Reservoir. 

As stated in the above analysis of the Survey Report, the estimated cost to local 

Interests of the water which would be recharged into the Edwards Underground Reservoir 

from the Concan Reservoir and which would also be available for pumpage from the aquifer 

is approximately $50 per acre-foot. This is greatly in excess of the value of the water in 

the ground for irrigation purposes, this beinJ the principal use of such water within the 

0\\,\'\ct. Such estimated cost of the water to the local interests is based on two factors, 
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viz., the estimated cost of the pr·.>ject and the derivation 'lf the relative benefits 

attributable to the vari.lus purposes of the reservuir. Based on an assumed distribution 

;:,f overhead costs, a breakdown of the total investment cost of the Concan Reservoir, 

as reflected by the Survey Report, is a?Proximately os follows: 

Lands, damages, relocations and clearing $ 2,892,000 

Embankment 1,~4,000 

Spillw~y 7,939,000 

Outlet Works 2,055,000 

Miscellaneous facilities 372,000 

Total investment $15,222,000 

The proposed spillway, 1030 feet in width, is through the rock hill at the west 

end of the dam and requires 3,870,000 cubic yards of rock excavation, all of which can 

be used in the proposec! dam. The outlet works, the principal purpose of which is to 

release the 750 cubic feet per second of recharge water, includes a 13 feet diameter 

conduit, through the dam, contr.>lled by two 6 foot by 13 foot tractor type gates. It 

appears that the cost of the project might be reduced: (1) by taking advantage of the 

spillway capacity which could be obtained by the economical enlargement of the 

existina natural spillway which, under the present plans, would be closed by a dike 

approximately 650 feet in lenath, and (2) by smaller and simpler outlet works, perhaps 

at some sacrifice in the time of emptying the reservoir. 

Also, the cost to local interests of the recharge water would be reduced some-

what by a more realistic evaluation of the benefits from the recharge operation. However, 
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in the case of the Concan Reservoir, such reduc:tkm could not be material (approxi-

mately $5,100 per year) and sti II show a 1:1 ratio of annual benefits to allocate~ 

annual charges for each of the purposes. 

The Nueces River Conservation and Reclamation District finds that the Concan 

Reservoir, as proposed in the Survey Re!lOrt, is not justified at this time by reason of the 

fact that the cost to local interests of water from the reservoir is greatly In excess of the 

value of the water at this time. 

Sabinal Reservoir 

The Sabinal Reservoir with a capacity of 93,300 acre-feet, as recommended in 

the Survey Report, substantially confonns to the District's Master Plan which includes 

90,000 acre-feet at the Sabinal Site. The allocated water sujlply cost per thousand 

gallons, or per acre-foot, for water from the Sabinal Reservoir is some 22% greater 

than the allocated cost from the Concan Reservoir. The District finds that the s..~binal 

Reservoir, as ?roposed in the Survey Report, is not justified at this time, the District's 

reasonin~ being much the same in respect to the Sabinal Reservoir as in the case of the 

Concan Reservoir. 

Respectfully submitted, 

NUECES RIVER CONSERVATION 
AND RECLAMATION DISTRICT 

a . . ....) 
By ,_. ii;~ .,: ·~- ... -t-- L /) A• ,_ 1-' J 

Alvin rris - President / 
f 
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April 13, 1965 

Mr. Paul W. Jahn, Chairman 
Edwards Underground Water ~strict 
1619 Tower Life Building 
San Antonio, Texas 78205 

Dear Sir: 

Our review of the SUrvey Report on Edwards Underground Reservoir 
dated December 1964 and prepared by the Corps of Engineers, in 
cooperation with the Edwaros Underground Water District, discloses 
that the report contains recommendations for the adoption and con
struction of a plan of improvement which fails to reserve any of the 
surface water supplies on the upper Guadalupe River within the 
boundaries of the Upper Guadalupe River Authority for development 
and use therein, as will be required to meet the future municipal and 
industrial needs of that area. 

As you know, the Upper Guadalupe River Authority was granted the 
authority and the duty by the State Legislature to control, store, and 
preserve the waters of the upper Guadalupe River and its tributaries 
for all useful purposes vi thin Kerr County. Current engineering 
studies confirm the findings of prior engineering investigations that 
the development of surface water resources of the upper Guadalupe 
River will be needed to supply the future water requirements of this 
area. The projects included in the plan of improvement recommended 
for adoption by the Corps of Engineers fail to take such required 
upstream water needs into account. For this reason, the Board of 
Directors for the Upper Guadalupe River Authority hereby objects to 
the adoption of that portion of the plan proposed for construction 
on the Guadalupe River. 

Copies of our protest which is addressed to you as the sponsoring 
agency, are also being filed with the District Engineer, Fort Worth 
District, Corps of Engineers, and vi th the Texas Water Commission. 

cc Fort Worth District Engineer 
Texas Water Commission 

Very truly yours, 

UPPER GUADAWPE RIVER AUTHORITY 

/s/ J. L. Bullard 
Dr. J. L. Bullard 
Chaiman 

VII-61 



ARII, NICNOU AND INDIW .. March 12, 1965 
COMMENTS ON IUIVIY &PORT ON EDWARDS UNDIIGROUND UR1V011 
(Letk.: of tf'aft!RitNJ to Chief of lineiMet~ dat.d OM..-., 22, 1964 

litl_.. of Water leu!,..,... In ldwa,. Area. 

n. lui MJ ..,_, atllllat• the ..,., ,...,,_...II In the 1.,_. A,.. to a. 

861.6 MOD • of 2025 for &WVftlclpal and ...._lc, thenaal pawer c.cl lndt thtel, 

anct lnlgatl• ,.,. •• , I. •·, oil .... _.,. water for .. ~nta~nlng the quality of lha 

Row In the San Aatonlo 11.-r ( ... p 101, Vol. 1). Such 167.6 MGD COftltiD• with 

San Antonio 'I latelt •lmate In the -.ount of 900 MOD • of 2025 (.,.rupolatlon 

t'rola 1010 to 2025 of total UN curve Oft Figure 1 of S. Antenlo't ,...,,_ ..,_, of 

l•pt• ... 22, 1 964). 

~·f•! fftlll ........ NOlr. 

n. lurwy lepott fiNk the_,. ,.., .. "- the ..,_. l•trwlr, _., 

.............. COftCitlone, to '- *,000 aare.feet per ,_, (D MOD) without 

dlpletlft8 ltontae 1ft the reNrYOlr below ele¥Gtlon 612 at San Afttoftlo ( ... pp 147•1411, Val~ 

1). ntt It con~Jdefecl that, In view of the P*fWe COIII8qlleMat of cont .. lnatlon, the 

..., lewllhould not beiGWG.-d .,._,_.., ...,._.lh hletotlo low point, or 
.,~._ 

etn.tlaa 612 ._..., S.Afttonlo11 C... p 1e). The leport ••• that lh.-.. no 

•••• In the ..attr of..,.,"- wellt In the •goott water" .,.. • ....__,.water 
..... • the low level In 1916 and wtlter takeft when the NMrwlr ._. ~. I.e • 

.,., • .... of approad..tely 70 feet In the obe1Mitton well (IN p ,. 

A. •••,._.. with • ,_. •• of 234,000 acre-feet ,., ,_, the..,_, 

....... pu ... of-·- .......... ,.. ..tct hew ............ - .......... 

...... of ............. of ......... ly ~ ,_. ................. (1M,,. 

.. .,.tit, of ...... whl81a haM iiiiCIIIIe avaiWale .... the ...... y-. -~ 

' 

-
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not Indicate that theN would be any appreciable change In the quollty of the 

water uaed In the San Antonio Syatei'A due to a further lowering of the reMrYOir 

level by • much as 40 to .50 feet 01 compared to the low level In 1956. In any 

c:ae, the natura of the fwlted Interface between the good water and the bod 

woter and, aleo, the relative amount of diluting good water flowing th~ the 

1-.. Raervolr • compored with the amount of bod water which could be f.d 

fhnauth the Interface, ore auch thc.t It Is improbable that there would be any 

alwpt change In the tlope of the cvrve of salinity vs. depth of water, there 

having been no chons- experienced In the alope of the curw over the flnt 70 

fMt of depth. The City of San Antonio hal found that, baed on ltvdl• of 

rechorgo, dlscherge, water levels, storage capacity, and quality, It Ia conaldered 

aofe to set the limit of average annual pumping from wells In the Edwards Under

ground Roeervolr at about 400,000 acro-faet per year( ... p 13, City of Son 

Afttoftlo Pfogreu l.,rt dat*' Sept .... r 22, 1964}. 

Figure 19, Pqe 97 of Volume 1 of the Survey leport, lndlcat• th.t the 

pum,.. of G»,OOO acre-Net per year front the Edwards fleaervolr, rather than 

the propo1ed 234,000 ocre-IMt per yeor, would lower the reaervolr level 

tippft)XImately Z4 feet during a recurrence from 1961 to 1985 of the 25 year 

recharge cycle which occurred fran 1936 throueh 1960. Aaumlng • cOlt of power 

of 9 milia per KWH cmd an Ia. overall efficiency of pump and amtof lftltollatloft, 

the cOlt of pumplne the oddltlOROI 24 feet It 0.8$ milia per thousand gallonaG .. than 

C!optln C._.., l••f!Oir 

n. pNpan-' plan of lmptOV..- to meet theiiiUnlolpal, ...... , lftdultrlel, 

2 
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military, thermal ;>lWer 1 and Irrigation cieiTtands of the Edwards Reservoir area to 

approximately the year 2000, includes the Cloptln Crossing and the Dam No. 7 

Reservoln :ln the Upper Guadalupe River watershed (see Syllabus In front of Vol. 1). 

The yield ~f the Cloptfn Crossing Reservoir Is estimated llt 38 MGD and that of the 

Canyon-Dam N". 7 laervoir System ia EtStimat~ ot 127 MGD, a t?tal yield from the 

upper Guodolupe River watel"''heo ,:-.( 165 MGO (aee p 155, Vol. 1), 

Under the plan ~r improvernent 1 all of the 165 MGD would need to be 

transferred Into the San Antonio and Nuecas River Baalns to meet the estimated water 

requirements In those basins 011 of year 2000. The Survey Ref)Ort estimates the woter 

reGuiremonts of the entire Edwards area to be approximately 621 MGD as of 2000, the 

requirements In the GuaJolui'o River Baaln being estimated at approximately 66 MGD 

and those in the Son /\ntonio-Nuoc:es River Basins beinJ estimated at approximately 

555 MGO (Interpolated from Table 10, p 155). The 621 MGD total requirements for the 

three bcutm W;Juld be met with 355 MGO oriJinatlng In the Nuec:ea and San Antonio 

River loains and 266 MGO vrl~lnatlnJ In the Guodulupe River Basin, which latter 

amount includes the 165 MGD from the Clvptin Crossln!J Reservoir and the Canyon-Dam 

No. 7 Reservoir System (see p 155). Based on that estimates vf water requirements 

as of 2000 and baaed en the Gltlmated water supply under thci plan of impr•Jvement, 

approMimately 200 MGO (266 MGO available In Guadalupe River Basin len 66 MGD 

uae In the basin) would be transferred in year 2000 t • .> the San AntoniiJ and Nueces River 

lkulns under the Plan uf lmpr~vement. 

In allocating the c:01t uf water contervotlon in the Cloptln Croaalng Reservoir, 

annual benefits on account of water conservation were estimated at $653,000 or 

4.71• par thouaond gallona for the grosa yield of 38.0 MGO (tee p 1n, Vol. 1). 
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The water supply benefits were based em the cheapest alternate source of water in the 

vicinity of the project (see p l-.40, Vol. 2). The onnual charges for water conservation 

are estimated at $332,700 which amounts to 2.~ per thousand gollons for the 38.0 MGD 

grou yield of the reservoir (see o 177, Vol. 1). 

Recharge Retervolra. 

The allocation of annual charges for rechar~e from the three reservoil"' Is: 

Montell - $669, 700; Concan - $485 ,800; Sabinal - $434,500; a total for the three 

reservoil"' of $1,590,000 per annum (seep 1n, Vol. 1). Of this amount 5.5~ would 

be born• by the Federal Government on account of the use by military lnstallatlona and 

the remaining 94.5% would oe borne by the local interests. The estimated annual re-

charges from the three reservoir1 ore: Montell - 26,600 acre-feet; Concan- 21,500 

acre-feet; Sabinal - 15,800 acre-feet; a total of 63,900 acre-feet per year or 57.0 

MGD (aee pp 138-142). The average charge fur the grou rechorge of 57.4 MGD Ia 

7. ~ per thoutand gallons ($1 , 590,000 per annum or $4, 356 per day for 57.0 MGD) 

which II the weighted overage of the coat per thousand gallons shown on page 1 n, 

Vol. 1, vi&& Montell -7.6e; Concan- 6.9~; Soblnol - 8.~. 

Of the 9f'Oil recharge of 63, 900 acre -feet per year or 57. 0 MGD, the Survey 

Report estimates that 29,000 acre-feat per year (26 MGD) would be available for 

pumping from the Edworda Underground Reservoir and 34,900 acre-feet per year 

(31 MGD) would be discharged from the oqulfM principally through the major 1prfnga 

(see pp 1-47-148). Tha lnc:reaae in spring flow would increase the resouroa of the 

proposed Cuero Retervolr In the lower Guadalupe River (seep 162). 
. , 

Auumlng that the use of the 29,000 acre-feet 'per year (26 MOD) of NCharge, 

avolleble for pumping, will follow the 1962 uae pattern, then 67 .~ (17 .S MGD) of the 
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•wolluule rechnrg~ will i~ ~"d f:r munki~l, in1ustrial, .:! :rneulc, doc~ waterl"9 

o,,J n:iscellcne< 'JI rvr~ ses, 27. 1 ~ (7. 0 MGO) will 0e uaed f-..r trrlaotl.:.n, and .'1.6% 

(1. S MGD) wilt he uae·J by th&e nllitory instoll(lti.~ (see FIJure S, ~ ?1). Of the 

oil: coted an"vd d;.Jr;_;es f ... r rwxhorz4u In the omuunt of $1,590,000, 5.5'3b or $87,SQQ 

;>er year hav& been apportioned tu the federal Guvemment on occovnt of the futvre 

military water requirements (seG p 175). Thl~ leaves 94.5% or $1,502,500 ($1 ,590,000 

lea $87 ,500) per y.ar to be poi-3 by the l.;,cul interests, presumably by t~ fdwardl 

Undar~d Water Distri :t thr ·uJn tho cAlectbn . ,f od volvrum taxes in the onnuol 

~vnt r)f $1, 502/iCY;. 

Tho IrrigatoR conn.:.t ofLrJ t.:.. ?<"/their prv'"f'Otc shore .:·f the c .·It of the 

watGr ($34.74 ~r ocre-f ... -lt). Nur Ia there ony way, unJsr the tlf81ent TeMGI 

Statutes t·J keep t~e irri~ot•:>l'l m:m vsin:;~ the rec:hor;Je woter. The ad-valorem taxes 

l)Oid t.J the District by the lrri..;otors -:>n account A the use .~f the 7.0 MGD of 

irri~tion water VNVId he •le.Jiiaiole. The net result ia that, under the Survey Report 

on Edwarda Undel'gf'.;und Retervoi r, the ta~pgy\!lra ·,f the Edwards UnderJIVUnd Water 

Olltrlc:t would poy S 1 , 502, 500 per yeor Jt 23. 52e t)er th.:.•\Jaand gallons f·~r tM 17.5 

MGD of recharge water whkh W·-uld be mode available k thein for "'unlcipal, 

lndtJitriol, domatlc, st:.c~ waterln~, emu m1scellane.:;us pur!)0101. Thlt Ia aeverol 

times the known c~ of water from :.Jther t~'Urces. 

One Nason fvr the relatlvoly hifo cJit .:>f roc:har~ water lo the ,..ethod used In 

~pvtlno WGtet uupply benefltl. "leneflh f"r water auppl)' were computed on the bala 

~~the cost of providlf1\i the tame quantity and ~uallty •;f water by the cheapeat alternative 

means. The eatlmated cost ~f the oltemote project woa based on nOft-fedenll flnenclng 

Oftd lnteNif nd8l for the ptop.ad publtcl)·-owned p.oject" (._ pp 169-170, Vol. 1). 
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Annual benafits of the rechorJe fr "n the thre~ relf!rv:,i rs ore estt.,rJted !11 fell Jwt: 

M:.mtell - $1,010,5C.C; Cjncon - $8!6,800; Soblnal - $600, 100; o total >f 

$2,427, 400 per year (see p 177). For the 6:!, 900 acre-feet ;.>er year (57 MGD) of 

rech:nwe water, the ab~ve estimated bendlh e-~ual 11. 7&; per thousand gallons. 

(On poge l-40, Vol. 2, it Is stot«i that a value, detefmirKtd by tho Publlo Health 

Service, uf 13.6 cents per 1000 gallons of net Increase In average annual recharge 

was used to evaluate the water conservation benefits.) 

Under the method used in the Survey Report, o charge of 25¢ to 5~ or 

~ per·thousamf.golbns c.;;ul~ have been justifiGd. Whato•Jer the c~ of the 

woter cCJNervoticn functl.:m of the recharge reaervoir1, such C<.>st wo~o~ld be fuatlfled 

by the method used for estirr.atlng benefits. In this particular case, o fal rly accurate 

estimate can be mode of the actual benefits from the recharge of 63,900 C!Cre-feet 

per year (57 MGD) as followat 

Spring Flow (31 MGD): The actual benefits from this water aupply are 

largely the value of the water to users In the I ;,wer Guadalupe River Volley. 

Municipal, Military, Industrial and MlscelloneOUJ (19 MGD)s The beneflh 

from thla water supply should not exceed the cost of delivering a like amount of water 

to uaen In the Edwards Res~rvoir area oa part of the lar~r propcted aupply front the 

upper Guadalupe River watershed. Such delivered coat should be od}uated by oddlng 

the coat of treating the surface water and by deductln.1 the coat of producing well 

wotsr. For any part of thGJ 19 MGD to be used by thermal pcwer plonh, the benefits 

ahould be computed on the basta of San Antoni·,'• experienced coat of utilizing retvm 

flOWB from the Son Antvnitl River, adjusted by deducting the colt of producing well 

water. 
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lrric)Otbn (7 MGD): The:· benefih Fro-n this wotf'r sup;)!/ ~·:uol the v,!ue 

which the lrrl~at .:.1! ·;on nokt: fr·)t'' the use ·>f thi11 wot$r. 

All uf these c•JSts :.r voh!es ccm 1Jf.l Cl•i't?Uted with o degree of accuracy 

pennttttng a realtlttc estimate •.)f the actual oenafits from the 57 MGD of water 

recharged lnt~ tho Ec'wares UnJergr·,·Jn·:i 1\eserV<.>ir by the prvv~ed M.:.nt~ll, Concan 

and Soblnal Reeervolrs. 

Concluaiont. 

The UM of the yield c)f the ChJptln Croalny Reaervt.,ir b meet the requirements 

of ft\8 Edwards Under~round Reserv..,lr ANa in the Son Ant~l.J River lasfn, as 

re'~nded oy the ~rvey Rep:.;rt, it in full OCCt>rd with the plona of the City of 

Scm Antonio for m.ating lh future wnter reaulramenh. The eatlmate,.i coat of 2.~ 

per thouaand gallons br water at the C I opt In Reservol r is a reotonoble cost. By 

rea~o;Jn ;,f the elevotl"'n .. ,f the reaerv-.>ir and ita pr:oximlty to Son Ant(Jftio, the cost 

of delivering the woter t•> Son Ant.'\nl... wJUid be relatively inexpensive. The 

utlllzotlon of the ;X'ojod, oa pr.:.p...,sed in the Sur\ey Report, should be entirely 

IOtlsfoct..>ry t-J Son Ant~Jni ~. H·-·Wever, the or•.·iect ia msonlngl.., ot a water 

con~arvati .>n project until aUGh time aa on allucatf,Jn of the yl~ld of tho reaervoir 

Is mode by the State of Texas. As to tho timln;;; of conatruetion of the project, 

conaideratlon should be glv&n to the optimum sequence of the conatNction of the 

CYero, Clor.Jtln Craulng and Dam 7 Reservoirs In ~rder to meet the needs af the 

!dwordJ Un•reround Reservoir Area cmd of the Guadalupe River Volley In on 

orderly and timely manner. 

The Sutwy Report shows a coat to l~cal lnterG&ta of wot•r which covld be 

7 
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utilized fr.Jm the Mvntell, Con::an on:! Sabinal R.-uervoi rs ...)(severo! times the value of 

such wat9r at the presE-nt time. These orojech should be deferrad until such time as 

the prujects can be worked ·JUt os ~-=:mu'llically feosibl6 !)mjects. 
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TABLB Al•l 

DBrAlLBD lill'l'DCAft or PIRBr CClS'1' 
MOrma.L DAM AliD RllSBR'IOIR 

lltJBCES RIVBR 
(J\Il:y 19611 price leYel.) 

11111t 
Sillgle-pll'pOIIe : MbltiPie-~e 

Unit !!Q:Y1!1lr flood control : .Reeha~V.C. 1 F.C. 1 F.• v. and .Recreation Item guutit:y coat SWmtttY Co&t tty Coat 
rAIIJOLIIIU'I'I' Del 

'1'op Of cSUI, eleYatiCIIl 
1369.5 1371.0 / SpillV~q crest, elevation . 1)28.5 1331.0 storaae e&JIBci ty ( apill¥81' crest leas sediment), acre-teet 225,100 21!o,3oo 

A. ~lft'AILBD miMA!rB OF n!Br CClS'1' - DAM AliD RllSBRVOIR 
01.0) =- 8Jid deeesee 

a. couta . f! he ·~•-. (Ud-a~ w>u) Acl'e l!oo $ 64,coo 700 • l05,COO 2 Plood easement 1111148 Acre 6,2lio 545,COO 6,4ko 562,coo l Fee BeYel'llllCO 4llmase L.s. 
Blasement Deve:r&llce dama(j:e L.s. 90,COO 90,COO 5~ Fee landi~s L.s. 2,COO 2,COO 6 Blaal!llmlt 111114 ~nta r..s. l!oa,coo LoB,coo 7 Resettl-Dt reilllb~nt L.s. 

Subtotal • land COIItD ~,000 l7a000 
b. LII.Dd acquisltlozi expense L.s. 

l,looo 1,1811,1500 
Subtotal - lands and 111114 acquiBltton 1021000 10J1COO 
Contlngenclee, l~ + 1,222,000 1,287,000 

't'O'l'AL • LA!ID8 AJID -DAIIAOBS 18J1000 ~·coo l,4o5,COO 1, ,000 
(C2.o} Relocattona 

a, Roa4e and bridges 
(1) State ~ 55 

a) li'IIIMnl!meDt, borrow c.Y. • o.6o 20,000 12,000 30,coo 18,COO b Base aad surfacing ( reaerrot. r crossing) JU, 30,000.00 0.2 6,000 0.2 6,coo c Rlpl'llp C.Y. R.oo 6oo 4,8oo 2,COO 16,coo d Bed41ng C.Y. 6.50 200 1,300 700 4,550 e Ouanl rail L.F. 2.50 l,8oo 4,500 2,COO 5,000 t ReV road outside reaerrot.r JU, 82,000.00 10.3 Blo4,6oo 10.3 844,6oo s Corinect1on to existing h18hvBy L.s. 6,900 6,900 h Bridge (3 locat1one) L.F. 250.00 300 I~aooo 300 ~·coo SUbtotal • State lf18llvaT 55 <·lr·- 95 ,ioo ,o50 

c.t. o.6o 45,000 27,COO 66,000 39,6oo b Rl.prap c.t. 8.00 2,200 17,6o01 3,000 24,000 e Be441ng c.t. 6.50 100 d Ouanl rail ",550 l,COO 6,500 L.P. 2.50 1,500 3,750 1,900 4,750 e Bridge L.F. 175.00 150 26,250 150 26,250 t Bane aDd ourtaeing (reaerrot.r crossing) IU. 22,000.00 0.2 4,l!oo 0.5 ll,OOO g !lev road oats1cle reeerrot.r IU. 70,000.00 1.417 
1·200 1.330 ~3.100 Subtotal - couDt:r !'OIId.ll 

Subtotal - roads aDd bridges r-.~~ 1•200 
b. Cemeteries and ut111t1es 1,137, 50 1,:,250 

fl} Electric power lines L.tl. l4l,ooo 145,000 2 Telephone lines L.s. 2 ,coo 24,000 J Ctlllleteriee L.s. 
~·coo 51·000 SUbtotal - ~erieo and ut1l1t1eo 

SUbtotal - reloeat1CIIlB I coo 2201000 
Contingenelea, 2~ • 

l,3~'r,850 l,lim,250 

'l'C7l'AL - RI!LOCATIOis ~~~ mq~ 1, I i, 752, 
(OJ.O~ Resenooln 

a. Cieai'ina Acre 150.00 26o 39,000 CoDtilllleneies, 1~ + 
'l'Cl'l'AL • CLKARIIIJ - 6,000 

45,600 
~ Dt 

~1~ Core or vater Pump.~ 150.00 200 ~,000 200 30,000 
2 Cleari~W and. gl'llbbi!W Acre 3()0.00 142 ,6oo 145 113,500 

(3 Excavat1 on, at r1 pping C.Y. 0.25 101,900 25,475 103,200 25,800 
4 l!:xcavat1on, ccm.on C.Y. 0.30 1(i,l!oe 22,9:!0 77,4oo 23,220 
5 .:Xcan.tion, eutort' trench c.r. o.ao 8]0,700 664,56o 830,700 664,56o 
6 Excavation, borrov, tmpervioua c.r. 0.50 2,335,000 1,167,500 2,358,000 1,179,000 
7 !btcavation, boM'Oit, rock C.Y. 1.50 90,COO 135,000 
3 Coape.eted t~~pervioua N.ll C.Y. 0.10 2,123,000 212,300 2,1",000 214,l!oo 
9 IIBD4c:a. rockN.ll c.;r. 0.10 10,650,000 1,o65,ooo 10,923,000 1,092,300 

10 Filter material c.Y. 1.50 1,127,000 1.69o,500 l,lla3,000 l, 7lla,500 
11 Flexible base c.Y. 7·50 3,630 ?7,225 3,630 27,225 
12 Aggregate C.Y. 12.00 290 3,48o 290 3,48o 

~~ 
Asphalt treatment Gal. 0.25 15,030 3,758 15,050 3, '163 
Cotrerdelll c.r. 0.25 223,000 55,750 223,000 55,750 

15 'Foundation drilling and grouting L.s. 100,000 100,COO 
16 Found.nttODpl'eJIBration Sq. 1.00 2,100 21100 2,100 21100 

SUbtotal - ellbanbtellt 5,fi3,200 5,314,600 
b. Spillway 

l Clearing Acre 150.00 6o 9,000 59 8,850 
2 Excavation, rock C.Y. 1.50 8,938,COO l3,4o7,ooo 8,979,000 13,1!68,500 
3 Excavation, structural (rock) C.Y. 12.00 208 2,Ja96 213 2,556 
4 Concrete (including c~) c.t. 35·00 208 7,280 213 7,la55 
5 Line drilling s.F. 1.75 5,610 9,818 5,76o 10,080 
6 Re1nrore1ng ateel Lb. 0.15 15,100 2,355 16,100 2,~15 
1 Drill and grout enehor holeo L.F. 2.25 935 2,1011 96o 2,16o 
8) Tile gegee L.F. 20.00 82 l,64o 8o 116oo 

Subtotal - &pill¥81' 13,441,700 13,503,600 
c. 0'-ltlet vorks 

1 Care of vater Pump.da:ya 150.00 26o 39,000 26o 39,000 
2 Cle&rillll Acl'e 150.00 12 l,8oo 12 1,800 
3 Excavation, unelaooi tied C.Y. 1.35 94,000 126,900 !)4,000 126,900 
Ia Baektlll, structural C.T. 1.00 17,000 17,000 17,000 17,000 
5 Drill and. Krout anelulr holes L.F. 2.25 3,700 8,325 3,'~ 8,325 
6 Dri,ll drain holes L.P. 2.00 2,800 5,6oo 2,8oo 5,6oo 
1 Lla drilling s.F. 1.75 30,900 54,075 31,100 54,425 
8 Opereti ne: hcr.1ae L.s. 20,000 20,000 
9 CCIIlerete, control tover c.r. ao.oo 6~ 52,400 665 53,200 

10 CCIIlerete, tover baae and tranaition c.t. 35.00 6,7 235,900 6,74o 235,900 
ll Concrete, elab c.r. 30.00 1,235 37,050 1,235 37,050 
l2 CCIIlcrete, vall c.t. 4o.oo 1,950 78,000 1,950 78,000 
13) Ccmerete, eolldlli t c.t. 35·00 7,88o 275,800 7,980 279,300 
lla) Ccmerete, bridge cleck c.r. Sc.oo 112 8,960 llla 9,120 
15 ~ .:onerete, bridge pi era C.Y. 70.00 430 30,100 lj4o 30,000 
16 Cement Bbl 5.00 23,750 ll8,750 2,,900 119,500 
1'7 steel, re1ntorc1na Lb. 0.13 2,261,000 293,930 2,27,,000 295,lie0 
18 Steel, structural Lb. 0.22 137,500 30,250 141,500 31,130 
19 Pipe railing Lb. 0.35 4,130 1,446 "·200 1,la70 
20 IU&celleneous metal.a Lb. 0.50 1,000 500 1,000 500 
21 Ledder, grateD 1 grilla Lb. 0.5;9 3,700 1,850 3,700 1,1350 
22 Air vents, steel, 36~ f> L.F. ao.oo 300 24,000 300 :.>~!,coo 
23) Air auppl.:r vente, steel, 18"" L.P. 60.00 130 1,Boo 130 '7,600 
21<~ (lege vell hc111 tiell L.s. 9,100 9,100 
25 Spiral stat rs L.P. 6o.oo 130 7,800 130' 7,800 
26 Conduit liner Lb. o.6o 99,6oo 59,76o 99,6oo 59,!6o 
27J Rubber vater stop L.P. 3.00 1,980 5,940 2,030 6,090 
26 Vater gage, !.1le L.F. 20.00 175 3,500 175 3,500 
29) Tractor lf&t.es and equ1)Dent. L.s. 321,750 321.750 !") ...................... L.S. 35,000 ~5.000 

31! Veut1h.t1en 8)'8tem L.s. 5,000 5,000 
32 Klflfttor and. t nclosure L.s. 20,000 20,000 
33 Bleetrieal tac1l1t1es L.a. 25,COO 25,COO 
34 Foundation prepai'Rtion Sq. 1.00 485 1,962,~ 490 

-~·~·~ Subtotal - outlet vorks 
SUbtotal • duB w,:;i:T,iOO i!O, 7'jO. 000 
Oonti~:~gene1es, l~ + 31~1~ 31lllhOOO 

TCl'AL - DAMS - 23,),coo 23,909,000 

(oB.O} Access road r..s. 69,500 69,500 
Colltingenc1ea 1 1~ .! 101:!QQ l01:!QQ 

'I.'OTAL • ACC&SS ROAD BO,ooo BO,ooo 

(19.0} Bll1ld1g(D1 il'OI.Ind.at and utilities 
a. MaiDtllllllDCO bu1ld1ngB L.s. 54,coo 54,000 
b. Poverllu and substation L.s. 169,coo 169,000 
c. Vater supply . L.s. l01COO 101000 

Subtotal - bu1ld1ngs 1 81'011DdB1 Mit ut1l1t1ea 233,COO 233,000 
Oontlngeneies, 15$ + ~~coo -:i;~ TCl'AL - SJILDII«JB; oacmms Am> l11'IL1'nll8 ,coo 

(20.0~ Pemanent 51R!l"llti!'!ili e!J!!!2!!Dt 
a. Stream gqe11 L.s. 15,COO 15,000 
b. Ra41o tac1lH.tes L.s. 5,COO 5,000 
e. Vork boat L.s. 10,000 
d. BvaporatiOD aM raiD gageD L.a. l,COO 1,000 
e. Sedl.maat and <!.egn.datton ranges L.a. 51,000 
t. otnce tlmllt11J'e IUid equ1paent L.s. 5,COO 5,000 
g. Mbeellaneoua eqlli paent L.s. -

Subtotal - psmanent openat1ng equ1paent 26,coo S7,060 
Colltl Jl!ltencteu, 15$ .! 41coo 131000 

TOl'AL -~ OPKIIATIID I!IQ1JIPIIBif1' 30,coo 100,000 

(J!!.O} gtneerts and 4es!l!! 2,000,000 2,oY.,ooo 

(~.0} 3!5!!rvis1on and adm1D1strat1on 1&68oacoo 11701 1000 

TOl'AL IIS'l'IJIA.."''m FIRST COST - DAM ARD RBSBIMliR 30,755,COO 311 ~10,000(1) 

)> B. :llill'AILBD BSTIMATE OF FIRST COST • nSH AIID VILDLIFB AJID RICIIBA'l'IOJI 
lc1.oJ Liiiido and d•magea ltneludlg( contig(enc1es' t.s. 11,500 

{OJ.O} Reservoirs 
a. iliear1ng Unclu4eu cont1ngene1es) Acre 100.00 8o 8,000 

(14.0~ Recreation tae111ties {1ncludaa conti!'!iliene1eo) L.s. 225,500 

(JO.O} !!Yineeri!!Ji and desyn 16,000 
:0 
~ (l!·Ol S!5!!rril1on and edla1111strat1on 141000 
I 

I TOI'AL BS'l'DCid'ED nlm' CClS'1' • ns&, VILII!.DB, AIID RIICIIBA1'IOB LAJID8 AfiD PACILl'l'IBS 27~1000 
en 
Ul 'l'Cl'l'AL lm'IMA!BD P'IRSf COST • DAM, RBSBII90IR, .A1ID RllCRBA'l'IOII LA1IDS AJID PACILITIBS 31,645,000 

c. Dm'AILaD BB'rDflml OF FIRS'1' COST • nPELI!IB smmt TO ftll llllm m.L RBSBIIVOIR SJD 
[04.5! Cballllel dell [lnCludl!'!ili conti!!leneies' L.a. 313,000 

(!22.0} P12!!1ne (incluc11g( conti!!S!Dciee) L.s. ~11000 

'l'Ol'AL I!9'1'IMAnD FIRST CClS'1' - PIPBLI1IB tmrrBM !'0 ftll II!IHII KILL RllSBIIVOIR srn: 2QQIOOO 

D. 'l'C7l'AL 1ISTIMAi'BD PRt\Jllal' PIRS'1' COST $30,755,000 $32,545,000 



'lABLB .Al-2 

DBrAILED I!S'l'JMAft 01' FI!el COO'r 
COliCA!f DAM AriD RBSERVOIR 

PRIO RIVER 
(July 196'1 prlce level) 

Sill81e-purpoae Joint storege 
UD1t UD1t ~-;n: tlood COIItrol. Recba!]!e and :!Q•:£!: tlood control{l} 

Item CIIIIUltitz coat ctuautitz Collt Quautit;t: Cost 

l'BRl'INBifl' DNtA 
Top or dam, elevation 1399-5 1399·5 
Sp1Uvay crest, elevation 1366-5 1366.5 
Storege capc~city ( spillvay crest less sediment), acre-teet 141,2oo 141,200 

A. DE'l'AILBD B9'.l'DIIIR rN PII!S'l' COST • DAM A!iD RBSE!MliR 
lol.O! Landa and d•mageo 

a. Le.ldcoats 

~~ 
Pee sicple lands Acre 4oo * 145,000 880 $ 319,000 
Flood easement lands Acre 3.960 822,200 3,~0 '123,800 

il Pee and eaaement severance domlses L.S. 130,000 130,000 
Fee and easement land imprcwl!lll1!nta L.S. 540,000 540,000 
Miural elltate L.s. 32,700 32,700 
Resettlement reilllburoement L.s. 141~ ~41722 

Su.btotal - land coste 1,684, 1,76o,2oo 
b. Land acquisition L.S. 1121222 1121!122 

SUbtotal • lands 8lld land acquisition 1,797,500 1,873;100 
Contiagencies, 1"' ! 262.22!1 2801!122 

roli>L - LA1IDS AliD IIAMAGBS 2,067,000 2,154,000 

{02.01 Relocations 
a. Roads and bridges 

(1) U. 8. Righva)' 83 (mise in place) .. ,-.-... -1 c.r. * o.6o 25,000 * 15,000 25,000 * 15,000 
b l!llse and surhciag Mi. 30,000.00 0.4 12,000 o.4 12,000 
c Riprap c.r. a.oo 1,500 12,000 1,500 12,000 
d lleddiag c.r. 6.50 500 3,250 500 3,250 
e Guardrail L.P. 2.50 2,000 5,000 2,000 5,000 

!J Cul.Tert L.S. 4,000 4,000 
Detour L.S. 3,000 3,000 

(2) COWity roads 

~a J Rev road Mi. 56,000.00 6.2875 352,100 6.2875 352,100 
b Bridge L.P. 175-00 100 17,500 100 17,500 

(3) Park road • Gamer state Parlt Mi. 26,500.00 0.2 ~1300 0.2 ~1300 
SUbtotal - roads ,150 429,150 

b. Utilities 

{~~ 
Rural elect :ric distribution lines Mi. 2,000.00 5·0 10,000 5.0 10,000 
1\lral telephone lius Mi. 1,200.00 5·0 6,000 5.0 6,000 
Ralocata e=J.l structures in Garner state Park Ilia. 2,000.00 5 101000 5 101000 

SUbtotal - utilities 251000 ~~ooo 
SUbtotal • relocations 455,150 455,1!10 
Contiagenciea, 2~ + w~8~ ~~8~ 

roliiL - Rl!l.OCATIOliB • ,ooo • ,ooo 

~"'~-a. iOlliDkcent 

m Care or water I'\Dip.~ll 150.00 150 22,500 150 22,500 
Clearing and grubb1118 Acre 3()().00 65 19,500 '65 19,500 

3) Bxcavatian, otrippiQI c.r. 0.30 46,300 13,890 1!6,300 13,890 

~J 
Bxcawtian, camon c.r. o.4o ~,800 13,920 34,800 13,920 
Bxcavatian, cutort trench c.r. 1.00 ,6oo 80,6oo 8o,6oo 80,6oo 

6 Bxcavatian, iJipei'Yious, borrow C.Y. 0.50 '181.,800 390.900 '181.,800 390,900 
7 Cc.pclcted iJipei'Yious till C.Y. 0.10 710,800 71,060 710,800 71,060 
8 Excavation, rock, boi'I'OV c.r. 1.25 2,~,000 3,~,250 2,~,000 3,391,250 
9 RaDdc:D rockflll c.r. 0.10 

"· ,ooo 
,lloo "· ,ooo 

1198,iloo 
10 Pilter uterial c.r. 1.50 507,200 :160,800 507,200 760,800 
11 Flexible bBGe c.r. 1·50 1,li6o 10,~ l,li6o 10,~ 
12 Agsregate c.r. 12.00 120 1, 120 1, 
13) Asphalt treataeDt Oel. 0.25 6,~ 1,510 6,o4o 1,510 
14) Corterdm:l C.Y. o.4o ~.ooo 19,200 ~.ooo 19,200 

15~ Fawldationpreparation Sq. 1.00 T10 T10 T10 T10 
16 l'owldation dri lliag and groutiag L.S. 1121000 1721000 

Subtotal - elllbelllalent 5,471,'100 5,471,700 
b. Sp1llvay 

1) Clearill8 Acre 150.00 77 11,550 77 11,550 
2) Excavation, rock C.Y. 1.50 1,352,000 2,028,000 1,352,000 2,028,000 

~~ 
Excavation, atn~etural (rock) c.r. 12.00 660 7,920 66o 7,920 
Concrete (includes cement) C,Y. 35.00 860 30,100 86o 30,100 

Il Lilla dr1lli!IB s.F. 1.75 6,~0 ll,Jilo 6,~0 11,340 
steel, reint'orcing Lb. 0.15 99,800 14,970 99,800 14,970 
Drill and grout anchor holes L.JI'. 2.25 1,930 4,343 1,930 4,343 
Tile gages L,P, 20.00 66 11~ 66 11~ 

• SUbtotal - spillvay 2,109, 2,109,500 
c. Outlet vorko 

~~ 
Care ot' vater Pimp.~ 150.00 210 31,500 210 31,500 
Clea:r1118 Acre 150.00 5 750 5 750 

3) Bxcavat1on1 unclaa&it'1e4 C.Y. 0.90 26~,000 238,500 265,000 238,500 
4 Blu:ld"111, etructural c.r. 1.00 1 ,ooo 14,000 14,000 1~,000 

5 Drill and gi'OIIt uchor boles L.P'. 2.25 2,520 5,670 2,520 5,670 
6 Drill drain boles L,Ji', 2.00 1,89() 3,780 1,890 3,780 
T Line dr1W118 s.J'. 1.75 25,100 ~3,925 25,100 ~3.925 
8 Op6rat1118 hou.Ge L.S. 20,000 20,000 
9 Concrete, coutrol. t01rer C.Y. ao.oo 66o 52,800 66o 52,800 

10 Concrete, tovor 'ba8e and t1'BDIIition C,Y, 35-00 5,230 183,050 5,230 183,050 
u Concrete, slab c.r. ~.00 710 21,300 710 21,300 
12 Concrete, vall c.r. .oo 1,255 ~,200 1,255 50,200 
13 Concrete, colllluit c.r. 35.00 7,100 2 ,500 7,100 2~,500 

14 Concrete, bridge deck C,Y. 80.00 120 9,6oo ].20 9,6oo 
15 Concrete 1 bridge pian c.r 70.00 450 31,500 4~ 31,500 

~, 
Ceaent Bbl. 5·00 19,iloo 97,000 19,iloo 97,000 

17 steel, reintorciag Lb. 0.13 1,820,000 236,6oo 1,820,000 236,6oo 
16 steel, structural Lb. 0.22 14z,ooo 32,780 1119,000 32,780 
19 Pipe 111111118 Lb. 0.35 ,iloo 1,540 4,iloo 1,54o 
20 IUocellaneoua ~ Lb. 0.50 1,000 500 1,000 500 
21) Le.dder, gates 1 grillo Lb. 0.50 3,700 1,850 3,700 1,850 
22) Air nata, oteel, 36'1 L.P. 80.00 305 2",11oo 305 2",11oo 

~~~ 
Air uupp1y vent, ateell8.._ L.JI'. 6o.oo 134 8,o4o 134 8,~ 

Oege vall tacil1ties L.S. 7,000 7,000 

~l 
Spiral llt&il'll L.l' • 6o.oo 134 8,o4o 1311 8,01lo 
Conduit liner Lb. o.6o 70,190 112,ll4 i'O,l90 112,ll4 

27 Rubber vater atop L.P'. 3·00 1,885 5,655 1,885 5,655 
28) Vater gages, tile L.P. 20.00 185 3,700 185 3,700 

~~l 
Tractor gateu 11114 equip::aent L.a. 214,500 214,500 
Bulkhead gate· and guidee L.a. 25,000 25,000 
VoiiUllitf.aii i;'ita L.3. vS~ 1:.,.,., 

~~ 
-~--

Ble'llltor eal iacloeure L.S. 20,000 20,000 
Blect:rical taetli ttee L.a. 2~1000 2ilooo 

Subtotal • outlet vork.a 11~1806 1,~.806 
Sllbtotal • 4Ma 9, ,ooo 9, ,600 
C0Dtill8eac1ea, 151.!. 11~1000 11~1000 

'1'0fAL - 'IWI8 10, ,ooo 16, ,006 

,08.01 Acce .. road L.S. 82,500 82,500 
Cont1agenc1es, 151 ! 121:!!!!! 12111 

'fOUL - ACCESS ROAD 95,000 95; 

'12.01 aa.tldi!J1&1 1J1'0Wida1 and util1tie.s 
511,000 511,000 •• k&inte~~a~~ce biiiW118• L.s • 

b. Vater ll\lppl.T L.a. 10,000 10,000 
c. Poverl1u and aubatatton L.S. 16l.IOOO 

1!:: 
Subtotal - buildiags, gi'Oimds, and utilities 22~,060 000 
Contill8anc1eo 1 151 .!. ;~ooo 000 

'f01'AL • IIUILDllll81 QIIDIJ!Ial AJID Ul'ILrnB8 2 ,060 ' 
(20.0 1 PwJWaDentJCratt:!I equiJ!I!!!!!t 

•· li41~01 OliO e p:ent L.S. 5,000 5,000 
b. llclat L.a. 
o. IUecellanaoue tumiture and equip~ent L.a. 5,000 5,000 
d. stZOOA gageo L.a. 15,000 15,000 
a. llnlporatiOD and rain gages L.a. 1,000 1,000 
t. SedSMnt Bill dqredat1on raages L.a. 26,000 ,. SUbtotal • pc~rmanent operatiQg equi:saent. 26,0CXS 

I Cont1118Bnciea, 1~ + ~1000 41000 

N !Ol'AL - I'BIIWiil'lr CII"BMrrJJJ :azuiriiill'1' 30,006 ')o,ooo 

(30.0) !!1!-:ri!JI Bill deeyn 1,009,000 1,009,000 

(31.0) !l!l!mston BDl adiii.D1atrat1CD m 1ooo m 1ooo 

'fOUL • IIBrJXA!'JI:D PIR5'f COS! • DAM .AIID RiiSIR9WR 15,1191,000 15 ,5"18, 000 

B. 
Ac:re 30().00 10 3,000 

2) 'Ol.01 Reeenobo 3,GOP 
~ •• aearill8 (includes ~1118elldee) Acre 100.00 30 
.!. 

,1~.01 Rllc:t"8&1CD tacilit1ee {1aclll4es calt!!JI!IId.ae) L.S. 57,000 
I 

G) 

{l2·0l !!!1!-!:!!!11 and clH!J! 6,000 Ul 

';B .o l !!!!l!rYilicm 8Dd adzi1D1otrat1on l1000 

'1'0fAL - !IJlDCAt'IID I'IJII'1' COS! - RIICRIA!'IOil l!aOOO 

c. !'OPAL - llrl'DIA!!D I'IIO.JBC! COB!' $1.5,1191,000 $1.5,650,000 



I 

"' Ul 

I tea 
Unit 

TABLE Al-4 

D:!TAILED I!'Sl'IMA'l'B OF nRST COST 
CLOI'l'IN CROSSIRJ DAM AJm !IESEIIVOIR 

BLAliCO RIVER 
(July l~ priee level) 

Single-parpoue 
Unit 7~·Yr noo4 ~ontrol 

CIU&Dtit;t eost Quantttz coat 

Pm'11mlll' DATA 
'l'op or &, elevation m.o 
Spill~ ereat, elevation ~1.0 
Sto1"88e espsetty (spill~ ~rest leso oedi~~ent), aere-feet U4,TDO 

A. DHl'AILED I!S'rDIId'B OP nm COS'l' - DAM AJlD RESERVOIR 
[Ol.OJ ~aDd c!•••g•111 • 

a. ~oata r ... --· ..... ( . .., ....... u ... o) 
Aere 500 ~ 70,000 

2 noo4 easecent l8Ddo 8D'1 icprove:ents A~re 3,100 2U,600 
3 I Fee a eve I'IUICe dllca6o L.s. 55,000 
4 Pee l8Dd icproYeCents L.s. 70,000 
5 lllasement laDd icproYemento L.s. 475,000 
6 Rcsettle=ent reU:Ibunement L.s. 201000 

S11btotal • laDd ~ootD 901,600 
b. Land a~qu1sit1on expense L.s. ft1

000 Subtotal - lBDds and land oequ1sitian q ,600 
Contingencies, 1~ !. 1~·4oo 

TOTAL • LAms AIID DAHAOBS i,i,ooo 

(~.o} Reloeations 
a. !loads onll bridgeo 

(1) Count:r road - Belldigo crooolng 
$60,000.00 ~a~ !lev road Mi. 1.3 78,000 

b Bridge L.r. 175.00 200 d~~ooo 
SUbtotal - roa4a aDd bridges 3,000 

b. Utilities 
ll ~ Eleetrie power llDBII Mi. 2,000.00 2 4,000 
2 ~ telephcme linea Mi. 1,200.00 2 214oo 

Subtotal - utilitiea li11ioo 
Subtotal - relocations 119,400 
Contingencies, 25~ + H~6oo 

TOr.AL - RIILOCAUOE l§,ooo 

(03.0} Resel'YOira 
a. Clearing Aere 50.00 

Cont1ngeneieo, 1".! 
'l'Cil'.AL - RBSERVOIJIS 

(o4.o} Daaa 
a. ~nt 

1 Care of vater Puz:rp. dayo 150.00 75 U,250 
2 Clearing and g:nlbbing Acre 350.00 57 19,950 

' 
Bxea.vation, atripp1ng c.y. o.~ 37,8oo ll,3'JO 
Excavation, CCIIIIIOD c.y. o. 28,300 ll,320 

~ 
Excavation, borrov, rock c.Y. 1.25 - -
Excavation, 'borrow, imperviouo c.Y. 0.50 524,200 262,100 

7 ::Xeavation, eutott t ren~h C.Y. 1.00 32,500 ~·500 8 Ccapeetec! t.mporv10WI n.ll c.y. 0.10 4'16,6oo T,66o 
9 Filter I:IBterial c.y. 1.50 521;,200 786,300 

r-~u 
c.y. 0.10 2,458,000 2r.z,aoo 

U Flexible bue c.Y. 6.50 2,230 1 ,'-95 
12 .Aaresate c.Y. 12.00 180 2,16o 
1z Aopholt tnllltmant Gel. 0.25 9,200 2,300 
l Cottel"c!llm c.y. 0.20 80,000 16,000 
15 Fowldation preparation 

----~---~- --~-
1.00 --~' 315 

-- -- £ ri'<IWIU.ucm aru.ung rum srounas J.uU1wo-
Subtotal • embanllmont 1,563,500 

b. Spill~ 

1 Clearing A ere 200.00 84 16,8oo 
2 Bzcavation, CCDCOII c.y. o.loo 663,000 265,200 
3 Bxcavatton, rock C.Y. 1.25 3.285,000 ",lo6,250 

" Concrete, olab C.Y. 25.00 23,68o 592,000 
5 Concrete 1 vall c.Y. 35·00 980 34,300 
6 Cemant Bbl. 5·00 31),830 1~,150 
7 Reinforetns stool Lb. 0.13 1,870,000 2 3,100 
8 !11prap C.Y. 6.00 16,~ 99,24o 
9) Bedding C.Y. 5.00 11100 35,500 

flO~ Drill and grout &llchor holes L.r. 2.25 
~::: 

'1'2,000 
11 Line drilling s.r. 1.75 46~~ Subtotal - aplll~ 5,66$, 

c. CUtlet vorko 
1) Care of vater Puz:rp. dayo 150.00 230 34,500 
2 Clearing Acre 200.00 9 l,Boo 
3 Bxeafttion, unel&aoif1ed C.Y. 1.50 21",000 321,000 

" Baekt1lllng, stzueturel c.y. 1.00 "·000 lo,ooo 
5 Drill and grout Bllchor holes L.F. 2.25 5,120 11,520 
6 Drill dra1n holes L,F. 2.00 3,120 6,24o 
T Line drlllilll! s.F. 1.75 22,200 38,850 
8 Operat1118 house L.S. 20,000 
9 J Concreto 1 eontral. tover c.Y. 75.00 380 28,500 

10 Con~rete, tover baae &Del transition C.T. 31).00 6,74o 2Cie,200 
U Concrete, ~OIIdu1 t c.y, 30.00 4,170 125,100 
12 Concrete, olab c.Y. 25.00 1,130 28,250 
13 Concrete, vall C.Y. 35o00 1,070 37,450 
l" Concrete, bridge decll C.Y. 75.00 70 5,250 
15 Cecant Jill. 5.00 17,100 85,500 
16 Steel, reinfOrcing Lb. 0.13 1,653,000 21",890 
17 Steel, stzueturel Lb. 0.20 '16,000 15,200 
18 P1 'PB ra.il1ng Lb. 0.35 . 2,500 875 
19 Metala, c1oc:e1lanoowl Lb. 0.50 1,000 500 
20 ~AMero, grates, grills Lb. 0.50 3,600 l,Boo 
21~ Spiral statra L.F. 55·00 62 J•"10 22 Conduit liner Lb. 0.55 99,600 ,780 
2 3 llllbber vat or etop L.P. 3.00 1,250 3,750 
24~ Water gegao, tUe L.r. 20.00 143 2,86o 
25 'l'raetor aateo and equipment L.a. 297,000 
26 Bull!head pteo, guides, etc. L.S. 30,000 
27 Oesc well tacillttes L.a. 3,700 

"!"""''"'"" ""'""'" L.a. 22,000 
29 R1prap c.y. 6.00 2,78o 16,680 
30 Bedding c.Y. 5.00 1 1110 5,550 
31 Concrete 1 bridge pi ere c.y. 65.00 120 7,8oo 
32 Air vento, 18" ~ L.F. 6o.oo 55 3,300 
33} Air vento, 36" (. L.F. ao.oo 320 25,600 
34 Ventilation oyatca L.S. 5,000 
35 Elevator, 1ndosure, ete. L.S. 20,000 
36 Foundation preparation Sq. 1.00 595 :!2~ 

Subtotal - outlet works 1,685,500 
Subtotal - 4BIIIII 8,91",4oo 
Contingeneies, 1" + la337t600 

'l'Or.AL - DAMS - 10,252,000 

(08.01 A~~ess !'004 L.s. ll,6oo 
Contingencies, 1~ !. lll;oo 

TOr.AL - ACCESS ROAn 13,000 

(12.0} Bll11cl1!!Sa1 &roun4& and utUities. 
a. Maintenance tacilltteo L.s. ~.ooo 
b. Water eupply L.s. 12,000 
e. Poverllne ,nd oubotation L.S. 1211000 

Subtotal • b~clliiB•• ~Jroun4o BAli uttllttee l.B7,000 
Conttngancieo, 1" + 281000 

'l'OrAL • li.IILDI!Dii; OROIJHDS AJlD urtLl'l'IBS 215,060 

Pen:anent 
4,000 O•t e L.a. 

2 Boat L.s. 3! Mio~oll.luleouo turnltura ani cqu1J1110Dt L.s. 5,000 
4 St rea gegea L.S. 15,000 
5 Bveporation and rain gegee L.s. 1,000 
6 Sedtmentation aa4 degradation ~eo L.a. 

Subtotal - pamaDent openttna equiJIIIOnt 2~,000 
Cont1DRenc1as, l".!. .ooo 

TOrAL • PBIIIARBifl' OPEBA'l'Il!O BQUIPM!Rr 29,000 

(!!.0} !!!!i!Deeri!!S and doo!l!! 910,000 

(3!,.0} ~rvioion aDd adc1D1strat1011 7!:01000 

'l'Cil'AL • fBriMARD PJn'J'mr FI!IS'l' CCBr • DAM A!ID RBSEIIVOIR 13,"39,000 
(Single- and 4ual-parpooe pro~ecta) 

B. Dm'AIL'IO E9l'IMA'l'E OP n!IS'l' COS!' - FISH AIID vtLDI.IfB AJlD RIICRi!!A'l'ION 
I 01.0 J lAftr1D iiii d~:~=sse6 

a. teil4 CODtG 

fl ~ Fee o tcpla landG Acre 
2 Fee Gcmti'IUice dmalge L.S. 

Subtotal - land c:oats 
Continganciall, 1~ ! 

'l'Ol'AL - LAJlD COS'l'S 
b. Land a~qu1o1t1on expense L.s. 

TOr.AL - LAJillS AND IIAMAGBS 

(OJ.O} Re11orvoira 
a. Clearing Acre 

Conttnaenctea, 1~ ! 
TOr.AL • RBSBRYOIRS 

(14 .0} Re~reation tactll ties 
a. A~CBGO I'OiliLi and parlt roads L.s. 
b. Parlti ng areao L.s. 
c. Plcnle ~cilitieo L.S. ... Water oupply L.S. 
e. Sanita::y tae1lit1cs L.S. 
r. Boat laWI~hing nmpll L.a. 
8· VqetetiYO 1cp1'0Ye12ntll L.S. 
b. S18DI L.S. 

aUbt~al - recreation taclltttee 
Contiagenctes, 1~! 

'l'OrAL - RfX:RBATIOR FAClL1'1'1ES 

( JO .0} !!!!llneeri!JI and dao!l!! 

(:y,.o} SuJi!:!!rv1o1on and odclnlatration 

TOrAL - '£S'l'Ilo!A'l'ED FIRST COS'l'S - FISH AIID WILDLIFE AND RECIIEAT!ON 

c. 'l'OrAL • '!STIMA1'ED PROJEC'l' FIRST COST &!,1139,000 

Si~le-purpnse =axlmum MUltiple·v~rpoee 
water conservation FCI 'WCI Fill & R 

92nt1t;t Cost !e!ntit;t : Cost 

1005.0 1~3.0 
980.0 998.0 

211,200 39'>,800 

6,580 $ 590,600 9,700 t 1,0"3,000 

75,000 100,000 
66o,oao "75,000 - . 
241000 261000 

1,369,600 1,944,600 
7014oo 7()1"00 

1,42o,ooo 2,0i4,1i()() 
21ll000 

1,633,000 
J0116oo 

2,316,060 

l.J 78,000 1.3 71J,ooo 
320 ~1000 "00 701000 

l ,ooo 1il8,ooo 

2 4,000 2 4,000 
2 214oo 2 21400 

611i00 614oo 
iiiO,IiOO l54,1i00 

!!1600 ~16oo 175,000 1~,000 

3, '120 186,000 3,750 187,500 
281000 281~ 

21li,ooo 216,000 

120 18,000 l6o 211,000 
88 30,8oo 110 38,500 

Zf•900 17,670 74, '100 22,1110 
,200 1T,68o 56,000 22.1onn 

11,~,000 5,662,500 6,610,000 8,262,500 
,600 423,300 1,098,000 549,000 

32,500 32,500 32,500 '32, 500 
'169,6oo 16,960 998,200 99,820 
822,100 1,2)4,050 1,057,100 1,585,650 

"·939,000 1193,900 6,905,000 690,500 
3,320 21,580 3,720 2",180 

270 3,2lio 300 3,6oo 
13, Tile J·435 15,380 3,845 
80,000 l ,coo 80,000 16,000 

315 --- 315 315 315 
~~uuu 8,.900 

~~t.UJ~ 

11,575,206 

21 lo,200 35 7,000 
170,000 68,000 223,000 89,200 
200,000 250,000 llO,OOO 1~7,500 

lB,Iillo ~1,000 14,750 368.750 
980 34,300 9f\O 34,300 

24,280 121,4oo 19,660 98,300 
1,470,000 191,100 1,200,000 156,000 

13,ollo 78,24o 10,51'0 63,1o80 
5,600 28,000 4, Sloo 22, '!CO 

25,250 56,813 20,500 W5,125 
23,500 "l~~ 21,200 ~1100 

1,334, 1, ,500 
200 31),000 200 30,000 

9 l,Boo 9 l,Boo 
181,000 271,500 184,000 276,000 

6,100 6,700 7,700 7,700 
5,300 11,925 5,300 11,925 
~,250 6,500 3,250 6,500 

2,900 "3,575 26,4oo 46,200 
20,000 20,000 

62o 46,500 74o 55,500 
5,230 156,900 5,230 156,900 
5,24o 157,200 6,550 196,500 
1,130 28,250 1,130 28,250 
1,150 4o,250 1,150 4o,250 

100 7,500 120 9,000 
17,310 86,550 19,210 96,050 

1,652,000 21",'16o l,BU,ooo 235,"30 
121,000 24,200 158,000 31,600 

3,840 1,341; 4,6oo 1,610 
1,000 500 1,000 500 
3,200 1,600 3,200 l,6oo 

99 5,445 UT 6,"~5 
70,200 38,610 70,200 38,610 
1,830 5,490 1,910 5,910 

175 3,500 193 3,860 
214,500 21",500 
25,000 25,000 

5,250 6,150 
22,000 22,000 

2,78o 16,680 2,780 16,68o 
l,llO 5,550 l,UO 5,550 

380 24,700 450 29,250 
90 5,4oo uo 6,600 

280 22,4oo 310 2",8oo 
5,000 5,000 

20,000 20,000 
600 6oo 650 6~ 

1,577,760 i,68li,300 
ll,ll3,8oo 14,320,000 
116671200 211481000 

12,781,000 16,li68,ooo 

11,6oo n,6oo 
ll4oo 114oo 

13,000 l3,000 

~.ooo 5fa,OOO 
12,000 12,000 

1211000 1211000 

1117,000 un,ooo 
28aOOO 281000 

215,060 215,000 

4,000 4,000 
8,000 8,000 

l018oo 10,800 
15,000 15,000 
1,000 1,000 

681300 681JOO 
107,100 107,100 
1~1~ 151222 
12~,000 l2J,OOO 

1,16o,ooo 1,252,000 

!!2~1000 2i21000 

17,209,000 21,:'95,000 

168,100 
l0100Cl 

1'!5,100 
261700 

204,800 
~1200 

210,000 

2,420 96,800 
lhl200 

UL,qoo 

'795,6oo 
1'15,000 
loo7,000 
185,000 
166,500 

55,500 
37,000 
~1000 1,,600 
18614oo 

2,055,000 

138,000 

13!,1000. 

2164~1000 

$17,209,000 $2li,41oo,ooo 



TABLE 12 

AVERAGE MO!fl'HLY EVAPORATION DATA 
AUSTIN, DEL RIO, DILLEY, SAN AiflOKIO, SORORA, AND HIH!'ER HAVEN, 'l'EXAS 

Austin, Texas Del Rio, TeD' Dilley, Texas San Antonio, Texas . Sonora, Texas Winter Haven, Texas 
1930-1960 19116-1951 ~ 1931-1960(1) 1907-1930 1950-1960(2) 1936-1960 

u. s. 'Weather Bureau u. s. Weather au,.au U. s. Weather Bureau Bllreau of Plant Industry Bureau of Plant Industry lbreau of Plant Industry 
Pan Coeffic1ellt 0.69 Pall Coefflciellt d-69 Pan Coefficiellt 0.69 Pall Coefficiellt 0.94 Pan Coefficient 0.94 Pan Coefficient 0.94 

:Bvapora~ion: :Evaporation:·! :Evaporation: :Evaporation: :Evaporation: :Evaporetic:m: 
Observed : fram : Observed : from : : Observed : from : Observed : frcm : : Observed : from : Observed. : from : 

: Pan : Reservoir : Observed : Pan : neflervoir :
1 

Observed : Pall : Reservoir : Observed : Pall : Reservoir : Observed Pan : Reservoir : Observed. : Pan : Reservoir : Observed 
:Evaporation : Surface :Precipitation:Evaporation: Surface :jPrec1pitat1on:Evaporat1on: SUrface :Precipitation:Evaporation: Surface · :Precipitation:Evaporation: SUrface :Precipitation:Evaporation: Surface :Precipitation 

Mollth (inches) (inches) : (inches) : (inches) : (inches) :; (inches) : (inches) : (inches) : (inches) : (inches) : (inches) .(inches) (incbes) (inches) : (inches) : (inches) : (inches) (inches) 

Feb Nary 

March 

April 

June 

July 

September 

October 

Bovember 

December 

lm1' AlUruAL LCSS 
FRCJ.f RESERVOIR 
SURFACE 

6.19 

7.35 

2.66 

12.62 

1.88 

2.21 2.55 

3-53 

~-27 

5.13 

6.18 3.18 

6.83 2.11 

6.76 

5.07 

3-00 

2.11 

1.84 

50.11 32.64 

17.~7" 

(l) Jfo rer:orwi May-August 1943; JAnuary, February 1950. 

(2) Jfo re'!ord January-May 1950; June 1953. 

·79 2.94 

4.61 l.o8 3·51 

5-55 .67 6.o8 ~.20 

6.52 7.21 

10.75 2.51 8.51 

12.58 8.68 1.89 6.82 

·97 11.07 

13.37 10.87 

6.83 2.28 U.24 

5.o6 1.23 5-85 ~.o4 

3.61 .52 2.78 

70.68 15-39 83.68 57-73 

55·29" 

1.30 1.15 2.09 1.18 

1.50 1.15 1.14 

0.93 4.46 ~.19 1.87 ~-67 1.1~ 4.66 1.00 

5-53 5.6o 1.25 5-52 1.81 

2.90 6.51 6.12 3-15 1.86 6.~ 6.15 

2.81 7·95 7-25 2.75 7-93 2.09 

2.12 8.55 1.66 8.98 8.44 1.62 8.80 8.27 1.74 

1.68 9-19 8.64 1.69 8.37 1-~9 8.70 8.18 2-33 

6.81 6.~0 2.65 6.02 6.29 5.91 2.79 

2.00 2.91 4.76 2-09 ~-27 2.13 

1.22 2.97 2.13 3-28 -50 2.84 .82 

2-~5 .58 2.1~ 2.01 1.09 

22.71 61.8o 26.o8 65.10 61.77 18.13 59.19 21.58 

35·12" 37 .61" 
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TABLE 15 

FLOOD DATA 

Peak Date Flood volw:1e 
Date of :.Llood discharge of panGinc ~~ 

----------------------~--~(~c~fn~)~--~--~p~e~ru~~--~~(,~uc~r~e~-~~~e~e~):{inches) 

\'lest Hueces River near Brackettville - D.A. = 700 ::;q • .tti. 

June 1935 
June 16-19, 195D 

550,000(1) 
101~,000 104, 11-()0 2.80 

(1) Nea.surement made by U. S. Geological flurvey 10 miles above mouth. 

Nueces River at Laguna - D.A. = 761t- nq. mi. 

June 13-18, 1935 
Septe.ttber 15-19, 1936 
July 13-15, 1939 
September 24-27, 1955 

213,000 
11h,ooo 
222,000 
307,000 

June 14 
September 16 
July 13 
September 24 

277,900 
111,890 
89,000 

153,810 

Nueces River belO'\• Uvalde - D.A. = 1,947 nq. mi. 

September 1-4, 1932 
June 13-18, 1935 
July 13-15, 1939 
September 24-27, 1955 
June 17-20, 1958 

207,000 
616,000 
89,000 

189,000 
146,000 

September 1 
June 14 
July 13 
September 24 
June 17 

230,000 
l:-61,700 
•57,480 
143,900 
191,100 

6.82 
2.74 
2.18 
3·77 

2.72(1) 
!~.48(1) 

0.55 
1.39 
1.84 

(1) Heo.nurement ,.,as made at the ease near Uvalde-D.A. = 1,930 sq. mi. 

Frio River at Concan - D.A. = !l-05 sq. mi. 

July l-6, 1932 
June 13-18, 1935 
September 15-19, 1936 

July 2-8, 1932 
l·!a.y 29-June 8, 1935 
June 13-22, 1935 

162,000 
106,000 
119,000 

230,000 
68,300 
50,500 

July 1 
June 11~ 

September 16 

July 1~ 

June 2 
June 16 

150,620 
115, li~O 

44,230 

528,o80 
261,600 
251,660 

:abinal nive~ near Sabinal - D.A. = 206 oq. mi. 

l·iay 24-25, 1954 
June 17-19, 1958 
June 25-28, 1959 

15,800 
55,200 
11,900 

Nay 21~ 

June 17 
June 25 

5,46o 
29,850 
10,950 

Sabinal River at SabinL'.l .. D.A. :: 2::7 :Jq. r.1i. (l) 

Nay 24-26, 1951~ 

June 17-20, 1958 
June 26-29, 1959 

15,900 
'"{3,300 
15,900 
. 

i:o.y 21!
June 17 
June 26 

(1) Gage, is located belou Balcones fault zone. 

8,050 
42,230 
11,250 

Hondo Creek nea~ Tarpley - D.A. = 101 sq. :ni. 

Hay 24-26, 1954 
September 22-24, 1957 
June 17-20, 1958 

10,600 
25,300 
69,8o0 

May 21~ 

September 22 
June 17 

2,030 
6,900 

26,1.;.()0 

Hondo Creek near Hondo - D.A. = 132 sq. mi. (1) 

J.~y 21~-26' 195~· 
Septei::ber 22-21~, 1957 
June 17-20, 1958 

13,700 
20,500 
71,700 

2-:a.y 21:. 
September 22 
June 17 

(1) Gage is located belou Balcones fault zone. 

Seco Creek near Utopia - D.A. = 53 sq. mi. 

3eptember 22-25, 1957 
June 17-20, 1958 

12,100 
52,6oo 

~.ieptember 22 
June 17 

2,600 
6,010 

22,980 

- 3'~ j, 

13, T(O 

Seco Creelt. ncar D'Hanic - D.A. = 87 sq. mi. (l) 

1-:0.y' 1935 
Ser-te~ber 22-2h; 1957 
June 17-19, 1958 

230,000(2) 
12.1100 - , 
72,000 

I·~Y 31 
~Pnt.enber .2.2 -June 17 

~ . 7'i0 
-I • • 

20,020 

6.97 
5·33 
2.05 

2.83 
L4o 
1.35 

0.50 
2.72 
1.00 

0.61 
3·19 
0.85 

0.37 
0-97 
3.26 

0.81 
l~. 32 

(1) Gace located belou Bo.lcones :fault zone. 
(2) !·!eacurcment !!13.de by U. s. GeoloGical Survey 11 ::tile::; above D' IIanis) 

Hedina. River near Pipe Creek - D.A. = lq4 sq. 1:1i. 

July 1-5, 1932 
July 24, 1935 
June 17-191 1958 

61;.,000 
!l-0,4oo(l) 
37,100 

(l) Station abandoned July 25. 

July 1 
July 21~ 
June 17 

81,8SO 

30,660 

Guadalupe River at Comfort - D.A. = 836 nq. rJi. 

July 1-3, 1932 
l-fay 25-28, 1944 
September 10-12, 1952 
October 4-7, 1959 

182,000 
59,1!.00 
35,600 
93,200 

July 1 
r-lay 26 
Septe!llber 10 
October I~ 

136,070 
1~9,030 
19,840 
56,900 

(l) J~ea.sure.':lent wa::; made at @8e near Comfort - D.A. = 762 .sq. crl.. 
!!ote: Gage uas not opera tina during 193:/ flood. 

Gua.dalupe !liver near Cprinc; Branch - D.A. = 1,232 ~q. :~:i. 

July 2-h, 1932 
June 13-17, 1935 
1-:!ly 25-291 191~h 

Gepte~ber 10-13, 1952 
October 4-3, 19~9 

121,000 
lll;,ooo 
20,000 
66,900 
h2,500 

July 3 
June 13 
!·!ay 2( 
SepteJ:iber 11 
Oct ober 5 

Blo.nco River a.t 1::inbcrley - D.A. = 353 cq. ni. 

J.!ay 28- 31, 1929 113,000 Eay 28 84,630 
Septenber 11-11;. , 1952 95,000 f'.epte::1ber 11 71,8'•0 
April 21;.-25, 1957 62,6oO April 24 27, 990 
Hay 2-5, 1958 90, 1;00 J.~ay 2 1;.3,700 

3-24 

1.21 

3-35(1) 
1.10 
0.44 
1.28 

2.0:; 
2 • .53 
0. 92 
1.71; 
1.00 

h. 50 
h.l3 
1.1:9 
2. 36 
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